Another London Main Line 


Terminus signalled by 
WESTINGHOUSE|® 


On October 6th the London Midland Region brought 
into service the new signalling at St. Pancras. 
It is another Westinghouse O.C.S. 
installation controlling 205 routes. 
With 23 colour light signals, 

43 position light signals, 

36 route indicators, and some— 

1400 plug-in relays. 
Following the sucess of the Euston installation Electro- 


pneumatic operation was again selected for the 
61 pairs of points. 
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PRODUCTIVITY IN TRANSPORT 


Hauling a passenger express at 100 m.p.h. or 1,250 tons of freight at 55 m.p.h. are two of the varied 
duties required of the 3,300 h.p. high-voltage A.C. locomotives which the G.E.C. is supplying 
to British Railways. The modern main-line locomotive must be able to take on most 
jobs which come to hand, Its output in terms of work per day is scrutinised as carefully as the 
production of a factory. The combination of G.E.C, electrical skill with the long railway traditions 
of the North British Locomotive Co. Ltd. has produced a design equal to the demand for the 


acceleration of passenger and freight trains which is an objective of railways all over the world. 
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First in the world with C.1.(. controls 


concentrated in a small keyset panel 


The concentration of the C.T.C. control equipment 
to a keyset implies numerous advantages. Chief 
among these are that the train dispatcher 
e has a good visual control of the entire track 
diagram 
remains seated in one position throughout 


has all control equipment and other aids immedi- 
ately to hand 


The first keyset-operated C.T.C. equipment in the 
world was delivered to the Swedish State Railways 


by LM Ericssons Signalaktiebolag at the beginning 
of 1955. 


LM ERICSSONS SIGNALAKTIEBOLAG 


Lovholmsvagen 93 Stockholm Sv Sweden 
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The Swedish State Railways’ new F-Series 
electric locomotives reaching a maximum 
speed of 135 km./hr. have SKF self-aligning 
roller-bearings on all driving and free axles. 
The four motors of together 3,500 h. p. are 
equipped with &KF cylindrical-roller bea- 
rings. 


@® Reliability, even at the highest speeds — 
no hot bearings. 


® Saving of lubricant and of labour for 
lubrication. 


@® Lower maintenance expenses. 
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Come to the 
BRUSSELS WORLD FAIR 


BY 
THROUGH SLEEPING CAR 


1st class 


VIA 
DUNKERQUE TRAIN FERRY 


TIME-TABLE 
10.00 p. m. | London V. 9.10 a.m. 
8.43 a.m. Y Brussels M. 9.15 p.m. 


Backed up by an experience extending over more than one 
hundred years in design and construction of steam locomotives, the 
COCKERILL-OUGREE Company has introduced in its construc- 
tion programme, various types of Diesel locomotives meeting the 
most severe requirements.. 

This equipment of the most perfect design is well adapted to mixed 
service : fast passenger and heavy freight. They are already in 
activity in many companies, among which the Belgian State Railways, 
caring for improving their network. 


Among the advantages shown by this equipment : 


@ A marked reduction of the running costs. 
e A comfortable radius of action. 


e Outstanding performances resulting from the maximum use 
of the rated power. 


e An utmost flexibility. 


e A never-failing robust construction. 
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QUESTION 1. 


Problems presented by the ageing of bridges and viaducts. 
Long term effects of fatigue and corrosion in steel bridges 
and weathering of masonry. 


Rational methods of maintenance of bridges. 
Repair and strengthening. 


REPORT 


(America (North and South), Australia (Commonwealth of), Burma, Ceylon, Egypt, 

Western Germany, India, Irak, Iran, Republic of Ireland, Japan, Malaysia, New Zealand, 

Norway, Pakistan, South Africa, Sudan, Sweden, Union of Soviet Socialist Republics 

and the United Kingdom of Great Britain and Northern Ireland and dependent 
overseas territories), 


by Fr. LEMMERHOLD, 


Referent fiir Briickenangelegenheiten in der Hauptverwaltung der Deutschen Bundesbahn. 


PREAMBLE. 


The present report has been subdivided 
into the following four parts. 


1. General considerations concerning the 
service life and the conservation of old 
railway bridges. 


2. Steel Bridges. 


Carrying capacity, tests, damages, tem- 
porary measures, rust protection, repair, 
and strengthening. 


3. Bridges in Masonry and Concrete. 


Damages, tests, waterproofing, ballast 
depth, repair, and strengthening. 


1 


4. Inspection and Conservation of Bridges. 


The answers to a questionnaire contain- 
ing 63 questions served as a basis for the 
elaboration of this report. ‘The question- 
naire was mailed to 35 railway administra- 
tions (English section). Five administra- 
tions stated that they are very interested 
in this matter, but that they are not in 
a position to answer the questions on 
account of lacking data and/or technical 
personnel. 14 administrations have not 
replied. 


The undermentioned 16 administrations 
furnished partly extensive information : 


1. Association of Ameri- 


can Railroads . A.A.R. 
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2. British Transport Com- 


mission ; B.T.C. 
3. London — ‘Transport 

Railways TEST. Re 
4. Coras Iompair Eireann C.LE. (Eire). 
5. Norske Statsbaner Nor: 2 
6. Statens Jarnvagar Swed. R. 
7. Grangesberg-Oxelésunds 

Jarnvagar ee Oy. 
8. Nigerian Railway Cor- 

poration: oy tai SA GNig. Mike 
9. East African Railways EAfr. R. 
10. Rhodesia Railways Rhod. R. 
11. South African Railways. SAfr. R. 
12. Japanese National Rail- 

WAYSiAcee © Goecied Kael ap.s Re 
13. Malayan Railway . Mal. R. 
14. Indian Government 

Railway Saeeue rm s-nice Ind. R. 
15. Deutsche Bundesbahn D.B. 
16. Osterreichische Bundes- 

bahn O.B.B. 


The summarizing of the — sometimes — 
very divergent data and views was diffi- 
cult; As far as it-was possible, the ans- 
wers are shown in the form of tables. 


Further difficulties were encountered on 
account of the different interpretation of 
technical terms. As example it should 
be mentioned that the term « casing » was 
misinterpreted. Consequently, the _ per- 
taining questions were left unanswered or 
they were uncomprehensible. 


In spite of this — and thanks to the 
efforts made by 16 administrations — it 
was feasible to establish a quite complete 
report containing many new views and 
methods of general interest with regard to 
the problems dealt with. 


1) General considerations. 


1.11) When designing a new bridge, what 
estimates do you make for each type 
of structure, as regards the length of 
life in service that can reasonably be 
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expected, taking into account all the 
factors which normally affect this 
life ? 

When designing new steel, masonry, and 
concrete bridges, it is generally unusual to 
consider a definite service life, but bridges 
are constructed to give the longest possible 
life. Only in case of bridges which, for 
special reasons, must have a certain service 
life, e.g. makeshift solutions, or bridges 
located on lines giving access to areas with 
mineral resources the exploitation of 
which is limited in time, or bridges erected 
for strategical purposes, temporary wooden 
structures or bridges assembled from make- 
shift components are employed. 


With regard to the type of construction 
to be selected all administrations agree 
that maximum service life can be expected 
if arched bridges using bricks, natural 
stones, and concrete — under the assump- 
tion that the latter has been carefully 
made — are erected. 


The data given vary from: 

80 years (Swedish State Rlys., Austrian 
Federal Rlys.,) to infinite (Norwegian 
State Rlys.). 


The service life of steel bridges is gener- 
ally expected to be 60 to 75 years and the 
same is true for structures consisting of 
steel encased in concrete. 


Referring to reinforced concrete _ it 
should be noted that the experiences gain- 
ed in this field are still insufficient. Con- 
sequently, it is not surprising that the 
estimates made are very different : 


with 40 years A.A.R. 
American Railroads) ; 


and 80 to 100 years (Nigerian Rlys., 
Trish Rlys., East African Rlys, Japa- 
nese Nat. Rlys., German Federal Rlys., 
Austrian Federal Rlys.). 


(Association of 


The same is true for prestressed con- 
crete structures for which, for obvious 
reasons, adequate experiences are nowhere 
available. 


In case the estimate for the service life 
is high it has been doubtless assumed that 
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the latest technologies in making concrete 
have been used for the erection and con- 
struction. 


The service life to be expected for 
wooden structures amounts uniformly : 


to 15 years, if soft wood is employed, 
and 30 to 40 years, if hardwood is used. 


l.12) Since the above life must be con- 
sidered as the ideal, what is the actual 
length of life of bridges subdivided 
into types as above ? 


Obviously untoward incidents are 
not to be taken into account. 


Under the condition that the useful life 
has to be considered as the service life 
actually attained it will be noted that 
there are deviations from the above quoted 
average values, i.e. in the sense of larger 
or smaller numbers than the average. For 
obvious reasons the useful life is only 
known for such structures which have 
become unserviceable on account of normal 
wear and tear. In many cases other fac- 
tors were decisive, e.g. the fact that the 
type of vehicles worked over a_ bridge 
changed. Only a comparatively small 
number of bridges deteriorated so badly, 
due to corrosion, fatigue, and damaged 
stones, that they had to be renewed. A 
considerable number of railway lines has 
not yet reached an age that the wear of 
their structures had to be expected. It is 
unanimously agreed that, with a few excep- 


-tions only, steel bridges had to be streng- 


thened or renewed by exchanging structural 
components due to increased loads (axle 
pressure and weight per meter) and higher 
speeds, and this in spite of the fact that 
the spans had reached a service life of 
hardly 60 years and were still sound. 


The A.A.R. indicates that their oldest 
steel structures are 70 years old and that 
they are still in a good condition so that 
their life will be at least 100 years. 

Contrary to steel bridges, ample exper- 
iences could be attained with regard to 
the useful life of arched bridges in 
masonry or concrete. ‘The reason for this 
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is that arched structures had not to be 
renewed or strengthened since they are 
capable to stand overloadings. In many 
cases where bridges were built from 
natural stones the original material is still 
in use though it is more than 100 years 
old (see table 1). 


1.21) In your budget under what headings 
do you include the maintenance and 
renewal of bridges ? 

Is the amount allocated for this 
purpose based on the value of the 
bridges when new, on their present 
value or on their replacement cost ? 
What is the total percentage com- 
pared with one or other of the above 
values? If you make use of other 
principles in your estimates, please 
state what these are. 


The annual required amounts for bridge 
maintenance and renewals are determined, 
in nearly all cases, on account of the 
applications submitted by local offices. 
Furthermore, it can be stated that the 
determination of the amount necessary for 
maintenance works is uniformly assessed 
on account of empiric values attained dur- 
ing the last years. In Japan the deter- 
mination is based on the year 1936, the 
year when the operation was most well 
balanced. In the majority of all cases the 
funds required for maintenance purposes 
are the sum of a great number of indi- 
vidual projects as a function of the works 
the execution of which is requested in the 
inspection reports established by field 
offices. [he amounts required for main- 
tenance purposes are frequently assessed by 
estimates. The entire amount is included 
in the budget and covered by current 
revenues. 

At several administrations major amounts 
required for carrying out repair work are 
not covered out of revenues, but out of 
reserve funds. Generally, special estimates 
are established for the individual jobs 
which must be sanctioned from a financial 
and technical point of view. With some 
state-owned railways the necessary appro- 
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priation of the funds must be made by 
the Parliament. 


The depreciation rate — generally fixed 


with due consideration of the service life 
and the costs of remplacement — _ varies 
between 1.5 and 2 %. 


th 


a) 


d) 


The individual railways have reported 
e following details : 


Norwegian State Railways. 


The funds required for the renewal 
of steel bridges are fixed — under the 
assumption of a_ service life of 
67 years — at a theoretical percentage 
of 1.5; the costs of replacement are 
taken as a basis. ‘This theoretical per- 
centage is generally not attained. 


Swedish State Railways. 


The new construction and complete 
reconstruction of a structure are con- 
sidered as capital investment. 1.6 % of 
the replacement value are written off 
per annum. 


PG. Onn 


The repurchasing value is taken as a 
basis for the determination of the funds 
requisite for bridge maintenance and 
renewals. The overall percentage 
— fixed by legal stipulations — amounts 
COmln 7. 


Nigerian Railway. 


In the budget all maintenance ex- 
penditure is paid for out of revenue 
and all renewals are paid from capital. 
There is no renewals fund. 


South African Railways. 


Heavy repair work requiring replace- 
ment of members, extensive fettling-up 
work involving replacement of large 
numbers of loose or corroded rivets, 
the complete removal of all old paint 
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and the subsequent application of new 
coats of approved paints fall under the 
heading « Heavy or Extraordinary 
Maintenance » and form the subject 
of separate estimates and authority to 
incur such expenditure. It still, how- 
ever, is a charge against revenue, and 
must be provided for in the annual 
estimates so that the necessary appro- 
priation of funds may be made by 
Parliament. 


The strengthening of existing struc- 
tures is regarded as an improvement 
and financed from the Administration's 
Betterment Fund which is maintained 
by appropriations from surplus reve- 
nues. Detailed estimates are prepared 
and Parlamentiary sanction for the 
specific work is necessary. ‘That por- 
tion of the expenditure representing an 
increase in the capacity of the bridge 
is capitalized and the book value is 
adjusted accordingly. 


Japanese National Railways. 


Effective 1956 a method has been 
introduced according to which the 
General Manager decides on the out- 
lay for the maintenance of bridges 
belonging to the Railway Operating 
Divisions under his control. As may 
be clear from the foregoing, the Japa- 
nese National Railways have no estab- 
lished principle or criteria for the bud- 
get appropriation for bridge main. 
tenance as referred to in the question- 
naire. Such state of practice in the 
assessment of the budget for mainten- 
ance of bridges is not considered ade- 
quate, and the Japanese National Rail- 
ways are now making a study into this 
problem. 

Funds for renewals are 90 % of the 
present values of bridges, divided by 
40 years to be earmarked as a whole 
for each year from annual revenue. 
However, the funds to be expended 
actually are allocated in individual 
cases of requisition in an amount 
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g) 


h) 


deemed necessary by technical assess- 
ment. 


Indian State Railways. 


Maintenance costs are covered out of 
revenues and renewal cost out of the 
« Depreciation Reserve Fund ». ‘The 
amount to be allocated for maintenance 
purposes is not related to a percentage, 
but it is based on cost and estimates 
for the preceding years, and which were 
established on account of technical 
inspections of the structures in ques- 
tion. The amount for renewals in the 
budget is related to the presently 
charged prices; this amount is credited 
to the « Depreciation Reserve Fund ». 


DB: 


The annually required amounts for 
maintenance and renewals are based on 
scheduled maintenance and _ renewal 
jobs which, in turn, are determined as 


a percentage of the new value. Thus 
the theoretical rate for: 
bridge maintenance is 0.46 %, while 


that for 
bridge renewals is 1.17 %. 


Owing to the fact that the new value 
equals the amount paid for the original 
purchase of the structure — corrected 
in accordance with the prices presently 
charged — additional cost will accrue 
in some Cases. 


Since the annually required overall 
amount to be spent for maintenance 
and renewals must be paid out of 
revenues (operating account) — the 
amounts actually available during the 
recent years did not reach the sche- 
duled amounts. 


OBB. 


The amounts expended during the 
preceding years serve as a basis for the 
assessment of the expenditures to be 
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made for maintenance and renewal of 
bridges with due consideration of the 
increase in prices which occurred in 
the meantime. ‘The amounts requested 
by the field offices must be adjusted 
to the possibilities to make credits avail- 
able. 


1.22) What are the costs (in national cur- 
rency) in actual practice for the 
renewal and maintenance of bridges 
during the last five years, and how 
have these differed from the corres- 
ponding estimates ? 


The answers to this question should 
reveal whether during the execution of 
the maintenance work the payments actu- 
ally made correspond to the requirements 
stated in the estimates, whether more funds 
are allocated as actually required, or 
whether the amounts made available in 
the budget are insufficient to complete 
the envisaged projects. 


Seven administrations have given detail- 
ed answers. As already stated above, it is 
common practice to base the annual 
estimates on empiric values and individual 
estimates. From a comparison of the 
estimated and actually spent cost — asses- 
sed as an average for the last five years — 
it may be seen that the scheduled annual 
performance is frequently not attained 
which is probably due to an inadequate 
allocation of funds. 

Only with regard to 50 % of the admin- 
istrations the estimates nearly equal the 
allocations; in all other cases the actual 
expenditures for maintenance and renewals 


are behind the requirements. ‘The situa- 
tion is particularly unfavourable with 
regard to Germany and Austria. The 


arrears stated and expressed in percentages 
are for instance as follows : 


Irish Railways oy BDA 
Nigerian Railway : 29.16 % 
Japanese National Railways Ao 5 
Norwegian State Railways . Nig BS asi 
British Transport Commission 7.2 % 


TABLE 2. — I. Assessing of the carrying capacity of old bridges 


without with on account of the 
by calculating , 
the consideration particular normal 
ADMINISTRATION permissible of =. 

percentage fatigue permissible stresses 

of 
the typical for for 
train load old bridges new bridge 


1. Association of American Rail- 


POA A PT yes without — yes no 
of Cooper E 72 = < 80 per cent 
e.g.E36 = 0.5 E72 of the yield point 
. British Transport Commission no without — yes no 
(estimated) empiric value 
. London Transport Railways . no without — yes no 
higher or lower 
in accordance 
with the actual 
condition 
. Coras Iompair Eireann . . . no without —- yes no 
following 
tensile tests 
. Norwegian State Railways . . no without — no yes 
. Swedish State Railways . . . yes without —- yes no 
. Grangesberg-Oxelésunds Jérn- 
VOLCOM Meee Fl PRM M e ise yes without — yes no 
following 
tensile tests 
. Nigerian Railway Corporation no without _ yes no 
prior to 1937 
= 0.89 & of 
stresses 
for new bridges 
. East African Railways . . . yes without — _ yes yes 
prior to 1895 for steel 
in accordance manufacture 
with BSS 15 subsequent 
(1948) to 1894 


otherwise 
as wrought iron 


II. Admission of actual train loads 


11 


a) either under b) or by eventually 
accordance the condition measuring by admitting 
th a central that the a) limited by special 
assessing the value stresses exceedings investigation 
of their ; indicated for each with regard for structural manuals 
ercentages in column 7 individual to the elements concerned 
ith regard is smaller actual permissible showing and remarks 
the effects than train load load fatigue 

of the value damages 
ir standard of b) speed 
loadings column 2 no yes restrictions 

yes yes no ~- no yes AREA 
Cooper E 72 

for 
ymotives only 

— — — yes — influence — 

estimated 

yes — yes eventually with 

with with speed consideration 
alculation calculation restrictions of the coefficient 
he equivalent of the equivalent of oscillation 
uniformly uniformly 
listributed distributed 

load load 
locomotives of locomotives 
and trains and trains 

yes yes _ = — 7 = 

— 4 only = — — 


in separate cases 
for locomotives 


BSS 153 
medium gauge 


TABLE 2. — I. Assessing of the carrying capacity of old bridges (continued) 


1 2 3 4 5 6 
without with on account of the 
by calculating 
the consideration particular normal 
ADMINISTRATION permissible of aa 
percentage fatigue permissible stresses 
fe) 
the typical for for 
train load old bridges new bridges 
10. Rhodesia Railways no without — yes no 
80 per cent 
of the 
permissible 
stresses 
for new bridges 
11. South African Railways -. yes without — no yes 
with reference 
to the types 
of locomotives 
(column 9) 
12. Japanese National Railways yes without — yes no 
for remaining particularly 
cross section calculated 
less as a function 
the age-corroded of the age 
cross-sectional multiplied 
area with with factor 1.153 
equivalent load A 
13. Malayan Railways . no without = yes yes 
wrought iron other steels 
14. Deutsche Bundesbahn yes — with no yes 
of S (1950) 
15 Indian Government Railways yes without — yes yes 
for bridges for steel 
_ erected manufacture 
prior to 1895 subs. to 189 


II. Admission of actual train loads (continued) 


} a) either under b) or by eventually 
in accordance the condition measuring by admitting 
with a central that the a) limited by special 

assessing the value stresses exceedings investigation 

of their indicated for each with regard for structural manuals 
‘percentages in column 7 individual to the elements concerned 
with regard is smaller actual permissible showing and remarks 
to the effects than train load load fatigue 

of the value damages 

their standard of b) speed 

loadings column 2 no yes restrictions 


yes — for locomotives special 


as calculation by calculating investigation 
f the equivalent the equivalent for existing 
uniformly uniformly types 
distributed distributed of locomotives 
load load 
of locomotives 
and trains 
yes 
with equivalent 
load B 
yes yes no — yes — BE 1951/55 
for all actual a) 1.05 times (*) under 
train loads for wrought the 
iron responsibility 
1.1 times of the 
for others (*) chief bridge 
engineer 


b) yes 


== Indian Manual 
para 12 


yes 
on account 

of tests made with 

test specimen 
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TABLE 3. — Permissible str: 


1 | 2 | 3 | 4 5 | 6 | 4] | 8 
wrought iron 
tensil stresses (++) compression stresses (—) t 
ADMINISTRATION year of manufacture year of manufacture 
old old new old old new ole 
1, Association of American Railroads (AREA). . . 1 125 a — ne i25 — —— 1. 
2. British Transport Commission (BSS 153) . . . . 13325 — — 1325 — — 1 8 
3. London-Transport Railways : 
condition’s0od ye nena me! OM cect 1325 — — 1325 = — 1 8 
CONIEON | DACIMeT tere We Aa. ieee sie eee shee 1 100 — — 1 100 oe — 13 
435 (COWES MOROHCH? SIVAN, og yb 8 OA : as a function of the yield point 
5. Norwegian State Railways ......... $0) _ — a — — = > 
6. Swedish State Railways ......... ae — — — — -- — 1 1 
7. Grangesberg-Oxelésunde jarnvégarTGOJ.... . in accordance with material tests — — 800/ 
1 ¢ 
8. Nigerian Railway Corporation (see British Transport 
Commission) ea a ee ee. Ace ee for structures prior to 1937 = 89 per cent of the permis 
Oe EGSIBASTICAN RAIUWAV Sa ae eee en ee 945 (will be removed) 945 (will be removed) 94 
Steel subs. to 1895 ; BSS 153 Steel prior to 1895 
LOSER odesial Ral Ways ee eee A 790 1 180 790 — 8 11 
iy South African Railwaysa.. 0) aon eee ay 1 100 1 100 1 100 — 
12. Japanese National Railways .......... prior to effective | prior to 
steel SS 41 1901 1950 1901 1901/50 19¢ 
6, = 41/50 kg/mm2 AK 
Ob 25 1 500 1 247 1 315 11 
30 — — 1 200 1 265 _ 
60 — — 1 060 esi ly/ = 
90 — — 827 871 = 
110 — — 618 652 - 
13. Malayan Railways BSS 153 = 945 945 = 
14. Indian Government Railways : 
MOLMAlStCESSCS aan ee ee oe 915 915 945 — = 
with consideration of the ancillary stresses . | . . — = = = 2 
15. Deutsche Bundesbahn : prior 
186 
oad! Case aaa ae Se) fo, RoE 1 600 1 400 _ 
0 | (1 680) — (1 470) -- Cd 6 
30 — —- (5395) — = 
60 = — (1 132) a= = 
90 — — ( 860) = = 
110 2a = ( 696) ee. s 
Road’ Casein: i 4 ean at, 1 800 — 1 600 — 1 8 


(1 680) 
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old and new bridges in kg/cm2 


SS a SRR SO Ta ERE SA 


mponents | connecting means 
9 10 11 | 12 13 14 | 15 16 7 18 19 20 21 
mild steel . shear 7 rivets 
esses (++) compression stresses (—) | wrought} ingot mild fatigue | shearing 45 bearing | stress o 
manufacture year of manufacture iron iron steel wrought} ingot |wrought| ingot 
x =—1} iron iron iron iron 
old new old old new old old new - 
— 1 125 1125 — 125 — — — 1 125 — — — — 
— 1 890 1 890 — 1 890 1 040 1 415 865 — — — _— — 
— — 1 890 — — 1 040 15405 == = — = = ae 
— = S75 — — 865 1 180 — — — — — — 
1 150) = — = (1 150) = == == — = == — —, 
— — 1 100 = — = = = = — — —= = 
s =; 800/ = aoe wee = mn) — = i eee a 
1 000 
"eSSES 
cordance with material tests 
— 1 415 1 180 — 1 415 — — — — = — = = 
— 1 415 1 415 — 1 415 — — — — —= — — — 
subs. to | prior to subs. to 
901/50} 1951 1901 1901/50} 1951 Fn = W= W= 
1 000 1 000* 2 200* 
1 350 1 300 1 247 1315 1 200 — — Fo = 800} 1 050 — B= 800 —  |B=1800 
= = 1 200 12265 PASS — — — —- — a — — 
— = 1 060 a 1 020 — * Remark : 
— = 827 871 795 — W = workshop 
= = 618 652 595 — B = site 
— 1 415 — = 1 415 630 865 865 — USS 1 025 1 600 2 360 
— 1 655 — —- 1 655 -— — — _ — — — — 
uubs. to | St 37 | prior to | subs. to sve i 
1895 1895 1895 
(1 760) | 1500 | (1 470) | (1 540) | 1 400 i -~ 920 | +1050 | 1 400 1 400 2 800 2 800 


= — (1 395) | (1 424) | 1 294 — _- — == — —_ Pr ae 
= = (1 132) | (1 186) | 1078 — — — = = = as = 
= ( 860) | ( 901) 819 — — — == 5 = “= =e 
— — ( 696) | ( 730) 663 = = — — — 
1 800 1 800 1 600 1 600 1 600 _ — 1 040 — — 1 600 — 3 200 


(i 980) — (1 680) | (1 760) _ — —- o — _ = =. = 
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2) Metal bridges and viaducts. 


2.11) When checking the stability of old 
bridges do you express their resist- 
ance as a percentage of the typical 
train on which the calculations for 
new designs of bridges are based, or 
do you use the actual train loads ? 

Do you take the effects of fatigue 
into account in the case considered ? 

What fatigue and permanent stres- 
ses do you consider admissible for 
the iron and steel used formerly and 
at the present time ? 


2.12) Do you check old bridges using the 
same limits of stresses as for new 
bridges, or have you adopted other 
limits ? 

In the latter case, how do you 
decide these limits, for example 
according to the elastic limit, and 
if so, to what extent ? 


See also question 2.23 below. 


The evaluation of 15 answers shows that 
all administrations unanimously agree that 
the checking, new calculation, or measur- 
ing of the carrying capacity of old bridges 
is indispensible to admit, following the re- 
assessing, actual train loads. 


Seven administrations (B.T.C., L.T.R., 
C.l. (Kare), 5 Nor. R:, (Nig. RR.) Rhod. Ry 
Mal. R.,) calculate their bridges for each 
actual train load concerned. 


Eight administrations (A.A.R., Swed. R., 
1 .G.O}) Ean Rs SAti R., JapaR, Ind. R., 
D.B.) determine the carrying capacity of 
each member of an old bridge, i.e. as a per- 
centage of their typical standard train 
load for new bridges. 


The D.B. considers, in connection with 
this re-assessing, the fatigue limit. 


Table 2 represents a synopsis of the 
methods used : 


I) to re-assess the carrying capacity of 
old bridges; 


IT) for the admittance of actual , train 
loads. 
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Table 3 indicates the permissible stres- 
ses (tensile, compressive, and shearing 
stresses) for different steels and connec- 
tions used at old and new bridges. 


2.21) Have you carried out systematic tests 
on the metal components used in 
bridges, in order to judge how they 
are ageing, taking into account 
modifications in their strength ? 


None of the administrations concerned 
undertook systematic tests on metal com- 
ponents with a view to be able to judge, 
on account of the changings which occur- 
red, how the structure is ageing, taking 
into account alterations in the elastic 
characteristics of the material used. ‘The 
L.T.R. carried out tests on the metal of 
a wrought iron girder bridge removed 
after 63 years’ life which gave no indica- 
tion that the wrought iron had become 
inferior. 


2.22) Have you made systematic tests on 
metal bridges themselves in order to 
judge how the structure is ageing, 
taking into account modifications in 
the elastic characteristics of the 
materials. 


Systematic tests in the strict sense of 
the question were not conducted. 


‘The tests made in the U.S.A., Rhodesia, 
Japan, Malaya, India, and Germany are 
generally confined to ascertain the char- 
acteristics existing in the material used. 
The D.B. compares the measured values, 
as far as this is possible, with the data 
contained in the old delivery certificates, 
but considerable deteriorations of the 
elastic characteristics could not be found. 


2.23) If you have not carried out any such 
systematic tests, have you made any 
technological tests on the components 
of metal bridges of a certain age in 

order to ascertain how they are 
ageing in relation to the character- 
istics such materials may be resumed 


to have had when the bridge was 
erected ? 
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Of the 16 administrations questioned 
7 mentioned technological tests which 
were carried out on components of old 
bridges. It is, however, agreed that 
alterations in the characteristics (ascert- 
ained during the tests) in comparison 
with the probable characteristics in the 
material at the time of delivery could be 
determined only when and where the com- 
ponents were subjected, without any 


doubt, to cold working (Japan, D.B., and 


O.B.B.). 


2.3) What methods do you use to examine 
metal bridges, including  ultra-sonic 
tests, magnetization, X-rays, dynamic 
stresses (tests with pulsator machines 
for example) ? 

See table 4. Three administrations 
(A.A.R., South African Rlys., and Japanese 
Nat. Rlys.) reported on the experiences 
made as follows : 


« Where there is any question regarding 
the carrying capacity of older bridges, 
electrical strain gauges are used to deter- 
mine the actual strains in the various 
members under operating conditions. A 
mechanical oscillator has been used to 
test a bridge, but this is considered a 
very unsatisfactory method as it does not 
take into account other effects to which 


the bridge is subjected (A.A.R.). » 


« Baldwin S.R.4 strain gauges have been 
used to some extent to determine live-load 
stresses. Being of an electrical type and 
thus not subject to vibration effects, the 
results are consistent and accurate and 
have not shown serious differences from 
calculated values and no changes in the 
characteristics of the metal could be 
detected by this means. 


Extensometer types used in the past 
have not been entirely satisfactory owing 
to vibration effects on moving parts. 


A machine to drive an out-of-balance 
fly wheel has been devised and used to 
determine the natural frequencies of vibra- 
tion of bridges. Comparison with calcul- 
ated frequencies has revealed no case of 
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serious discrepancy which might be as- 
cribed to a marked change in the char- 
acteristics of the metal (South African 
Rlys.). > 

« The sulphur-print test is conducted 
to find out the sulphur band in steel 
plate (Japanese Nat. Railways). » 


2.4) What are the different types of 
deterioration which you have found 
together with the approximate fre- 
quency with which these occur? Is 
the deterioration possibly due to: 


2.41) fatigue of the materials; 
2.42) defects in the materials; 
2.43) defects in the design; 

2.44) defects in the construction; 
2.45) corrosion; 

2.46) lack of maintenance; 


2.47) other causes than those listed 
above ? 


The Swedish State Railways, and the 
T.G.O.J. left this question unanswered 
since, as the Swedish State Railways indi- 
cate, damages of the above mentioned 
kind did fortunately not occur, or, if so, 
only to a minor extent. Most of the 
other administrations report damages due 
to corrosion as the most frequent cause, 
with the exception of the East African 
Rlys., the Nigerian Rly., the South African 
Rlys., and the Rhodesia Rlys. all stres- 
sing the importance of the climate condi- 
tions prevailing in their areas which are 
so that there is practically no corrosion 
in regions with continental climate condi- 
tions while steel bridges located in coastal 
regions are subject to heavy corrosion. 
Several administrations point out that the 
formation of rust is substantially favoured 
by the blast from steam locomotives, ashes 
dropping from locomotives, and by some 
liquid goods (cooling brine of refrigerator 
cars). 
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Parts particularly subjected to corrosion 
are: 


a) all parts difficult to be maintained or 
insufficiently ventilated; 


b) all parts subject to the aforementioned 
chemical influences. 


Inadequate maintenance is not men- 
uioned as a special and direct cause, but 
only as a factor contributing to the forma- 
tion of rust. 


Fatigue failures are also a_ kind of 
damage frequently encountered, e.g. fatigue 
cracks at components belonging to the 
floor construction (U.S.A., Great Britain 
(L.T.R.), South Africa, Japan, and Aus- 
tria). The A.A.R. mentions also some 
fatigue failures which occurred in chord 
members. Loose rivets are also frequently 
quoted; it is not explained whether these 
rivets were loose right from the beginning 
or whether they worked loose due to 
loading. 

Defects in the design and the construc- 
tion are mentioned (A.A.R., Nigerian 
Rlys., East African Rlys., Japanese Rlys., 
D.B., and O.B.B.), in particular with 
regard to structures erected 40 to 50 years 
ago. Defects in material are reported by 
all administrations at the last place. 
Other causes than those mentioned above 
are: 


derailments and misplaced loads (U.S.A.) ; 
yielding of the abutments (O.B.B.). 


2.5) What are the structural components 
principally affected by the deteriora- 
tion due to the causes listed under 2.4) 
above : 


2.51) main beams with full web, com- 
posite or laminated; 


2.52) main trellis girders, straight or 
arched; 


2.53) wind bracing and cross beams; 


2.54) longitudinals and cross pieces, as 
well as their assemblies; 


N 
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2.55) sheets and plates used for the 
decking; 


2.56) arrangements for collecting and 
draining off water ? 


The following components are prin- 


cipally affected by corrosion : 


1) All parts difficult to access, easily pol- 
luted, insufficiently ventilated, i.e. all 
frequently wet components located near 
the bearings on the end abutments, as 
the lower booms of the main girders, 
and cross beams, bracing bars, gusset 
plates, connecting angles, rivet or screw 
heads; 


2) The flanges of longitudinals (sleeper 
bearers) where the wooden sleepers are 
supported; 


3) The upper surfaces of all structural 
parts where dirt, ashes, goods, and 
moisture may become aggressive; 


4) Floor and main girder constructions 
bridging tracks used by steam loco- 
motives; in this connection it should 
be mentioned that the working of loco- 
motives on the ascending track has a 
much more detrimental effect than on 
the descending track; 


») The surfaces of fine-meshed bracing 
constructions being in contact with 
each other which show gaps due to 
drift rust so that they cannot be pro- 
perly cleaned and maintained; 


6) Drain pipes and buckle plates of closed 
deck structures; 


7) Structural parts forming water traps, 
as e.g. U-shaped bottom flanges — even 
if they are provided with holes serving 
drainage purposes. 

The occurrence of fatigue cracks is 
chiefly confined to: crossbeams and_ lon- 
gitudinal girders of bridge floor construc- 
tions, in particular if they are improperly 
cut; further to: bracing bars and coverings. 
Rivets — worked loose — could be found 
in all structural parts. 
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The design and construction failures 
mentioned by several administrations 
(Nigerian Rly., South African Rlys., and 
Japanese Nat. Rlys.) are attributable to 
obsolete construction methods, _ hastily 
erected structures, poor standard of labour, 
and to insufficient skilled supervision at 
the time the bridges were constructed 
(Nigerian Rly.). 


2.6) What steps are taken when there is 
serious deterioration affecting the 
strength of the bridge, whilst await- 
ing definitive overhaul ? Examples : 
reducing the speed of the trains, 
reduction in the loads allowed, tem- 
porary repairs, introduction of tem- 
porary components or supports. 


Regardless of the extent of the damage, 
all administrations resort to speed restric- 
tions. 


In Japan these speed restrictions are 
imposed only following a special investiga- 
tion carried out by experts of central 
offices. Diagrams and formulae were 
established to determine the speed restric- 
tion to be imposed (see appendix 1). 


Reduction in the load — including the 
changing of the train composition — is 
indicated by eight administrations (B.T.C., 
Irish Rlys., Swedish State Rlys., Nigerian 
Rlys., East African Rlys., Japanese Nat. 
Rlys., Malayan Rly., D.B., and O.B.B.) as 
a possible measure; the East African Rlys. 
regard this reduction in loading as the 
last resort. 


The South African Rlys. explicitly report 
that this measure is not practised to any 
extent. They prefer in such instances to 
divert the traffic to alternative routes 
while temporary deviations are built. 


The strengthening of dangerously deter- 
iorated bridges, before a reconstruction 
can commence, by temporary supports is 
practised by nearly all administrations. 
The possibility to replace damaged bridges 
by temporary structures is indicated by 
five administrations (L.T.R., B.T.C., Irish 
Rivs Diba and, O.B.B), 
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Minor damages are generally at once 
temporarily repaired. 


2.711) What methods are used to protect 
metal bridges against corrosion ? 
Painting, metalization, chemical pro- 
cesses, composition of the metal (for 
example addition of copper). 


Painting is indicated by all administra- 
tions as the most common means to protect 
a structure against the formation of cor- 
rosion. Tests with structural copper-alloy 
steels were carried out in the United States 
and in Austria (in one case only). The 
A.A.R. reports in this connection as fol- 
lows: « Some of the new metal bridges 
in this country are fabricated from copper 
bearing steel to offer some protection 
against atmospheric corrosion and then 
painted for additional protection. » 


Six administrations use metalization (at 
present by the spraying method); these 
administrations are : A.A.R. (to protect 
the top flanges of the longitudinal floor 
girders), B.T.C., L.T.R., South African 
Rlys., Indian Rlys., and D.B. The A.A.R. 
and the Indian Rlys. stress that this me- 
thod is very expensive thus preventing its 
extensive use. A.A.R., B.T.C., L.T.R., and 
D.B. have answered that they limit the 
metalization to certain particularly strain- 
ed surfaces of structures or to individual 
components, as buckle plates and gutters. 
The D.B. formerly used to lead-coat their 
buckle plates in a_ railway-owned work- 
shop. 


2.712) When designing metal bridges, is it 
the practice to increase the calcul- 
ated sections in steel in order to 
allow for future losses through cor- 
rosion? If so, for what components, 
and to what extent ? 


Five administrations answered this ques- 
tion in the negative. Nearly all of the 
remaining 11 administrations replied 
« generally not », but they quote indi- 
vidual cases where such allowances for 
future losses through corrosion are duly 
considered. ‘The components in question 
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are those where the loss of section, instead 
of unit stresses, it the controlling factor, 
as e.g. parts which are difficult to clean 
and paint, components which are partly 
erected in the water or the earth and 
partly projecting into the air, components 
which are subjected to influences causing 
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pollution with aggressive substances, easily 
corrode. 

The additions required are in_ the 
magnitude of 1.6 mm or a minimum thick- 
ness of 8, 9.5, and 10 mm for plates. 

The Japanese Nat. Rlys. are using for 
the flange plates of their plate girders 


(also with iron mica) 


their deterioration and which, due to their cross-sections which exceed the normal 
TABLE 5. 
Priming coat Finishing coat Total 
Red Linseed Be Alumin. | White | Bitumen 
lead oil es paint lead tar solut. 
A.A.R. 2 1 = 1 = = 4 
oP Take 1 — — — 1 — 4 
TIRE, 2 — — 1 or i 3 
Nor. R 2 — — — 2 — + 
Swed. R 2, = — — 2 — 4 
TEGO, 2 or 2 — 2 = 4 
Nig. R. 1 = =a 2 = ‘= 3 
EAfr. R 1** = = bs ts ‘% 3 
Rhod. R | _ — DB — _ 3 
SAfr. R I — == —= 2 a 3 
Vir We | or pe F S 1 x iron oxide 3 
paint brown or — 
green 
Mal. R. | —— — — -— 2 warm 3 
Ind. R. J 1 — a 2 = 4 
DEBS ee ee Se 2 or Z 2 (with iron mica) -— 4 
O.B.B. Dy te — | — = 2 =e 4 


* 2 intermediate coats with silica-graphite. 
** with chromium oxide yellow. 

*** or zinc oxide. 

**%** On a linseed oil or plastic basis. 
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dimensions by 33 1/3 %. The D.B. and 
O.B.B. protect their sleeper bearers (in 
case the sleepers are directly posed) by 
means of rust protecting plates having a 
thickness of 8 to 10 mm. 


2.721) Please state what anti-rust paints 
you use for old and new bridges, 
and indicate the number of coats 
used, as well as the method of 
application. 

50 % of the administrations re- 
quire 4 coats while the remaining 
railways are content, under normal 
conditions, with 3 coats. 


2.722) What regulations are in force as 
regards the preparation of the sur- 
faces to be protected by painting in 
old and new bridges? Are these 
regulations satisfactory ? 

The following regulations or recom- 
mendations of the undermentioned 
10 administrations are specifying how old 
and new bridges are to be painted : 


A.A.R. Recommendations of the « Steel 


Structure Painting Council >; 


BAG: Civil Engineering Handbook 
No. 10; 

Ind. R. Department Circular P 300 of 
the Chief Engineer; 

Swed. R. Handbook on rust protecting 
coats for steel structures sub- 
jected to atmospheric  in- 
fluences; 

EG Or Regulations of the Swedish 
Committee for Corrosion and 
« Steel Bridge Norms »; 

Nig. R Corresponding regulations of 
the civil engineering depart- 
ment; 

Jap. R. I.N.R. technical specifications 
for deliveries of paints, para- 
graph 18; 

Mal. R. Regulations are mentioned but 
not quoted in detail; 

D.B. DV 807 (Rost) « Technical 


Specifications for rust pro- 
tection of steel structures »; 


BULLETIN OF THE INT. RALLWAY CONGRESS ASSOCIATION 


May 1958 


O.B.B. Handbook 720 « Execution of 
Works »; 
Handbook 721 « Composition 
of Materials »; 
(both handbooks must be 
revised) . 
With the exception of one railway 
(O.B.B.) all administrations agree that 
their regulations are sufficient. Comments 


made by all administrations reveal that 
the procedure applied for the cleaning 
and removal of old and weathered paint 
and rust is nearly uniform in all cases. 
Only the Japanese Nat. Railways mention 
that it is not allowed to remove old paint 
with the aid of chemicals. 


2.723) Is any special painting done in the 

case of bridges in special positions ? 

Nine administrations answered in the 

negative; seven administrations report that 

special paintings are done. The follow- 
ing examples were given : 


a) Bitumastic primer and a final coat of 
bitumastic paint for structural parts 
which are exposed to heavy blast from 
locomotives or to ashes dropping down 
from locomotives (L.T.R., D.B., 6.B.B.); 


b) Paints with a caoutchouc chloride or 
plastic basis for parts which are ex- 
posed to sea or fresh waters and to 
blast (Swed. R., D.B., Jap. R.); 

c) A special treatment is described by the 
Japanese Nat. Rlys. for parts of a 
movable bridge (at a ferry terminal) 
which are submerged in water : 

1. washing with acid; 
2. washing primer; 
3. three anti-rust cold plastic coats; 
4. three cold plastic coats. 
In spite of all these measures a ser- 
vice life of only four years is attained. 

d) In Sweden the following procedure is 
applied for installations similar to those 
mentioned under c) : 

two coats of red lead (caoutchouc 
chloride basis) one final coat with 
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anti-condensation 


thick) ; 


paint (2) mm 


ec) In the United States the following me- 
thods are applied in special instances : 


the steel is given a wash primer and 
is then primed with a venyl red lead 
type of paint. Subsequently it re- 
ceives two finishing coats of alumi- 
nium paint also to protect the steel 
against aggressive liquids (brine from 
refrigerator cars) . 


2.724) What precautions are taken to pro- 
tect surfaces permanently in con- 
tact P 


Surfaces being in permanent contact are 
distinguished as follows : 


a) types of steel; 


b) types of connecting means (rivets, high- 
grade steel-screws, and welding). 


For riveted structures made from St 37 
or similar steels, a red lead coat of both 
surfaces being in contact is generally con- 
sidered as sufficient. The D.B. prescribes 
coats with zinc oxide or iron oxide based 
on linseed oil or phtalic resin; an inter- 
mediate coat is not applied in connection 
with such structural parts subjected to 
heavy repetitions of dynamic stresses. 


The Austrian Federal Railways do not 
require the painting of the contact sur- 
faces of steel as far as riveted structures 
made from St50 are involved, while the 
Japanese Nat. Rlys. prescribe the cleaning 
of these surfaces with boiled oil. 


The coating of welded connections is 
dispensed with in some instances (Jap. R., 
D.B., O.B.B.), provided that there will be 
no danger of corrosion on account of the 
very compact welding seams. 


In case high-grade steel screws are used 
as connecting means (A.A.R. and D.B.) 
it is advisable not to coat the contact sur- 
faces in consideration of the coefficient of 
friction which should be as high as pos- 


sible. 
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2.725) What is the average period on your 
railway between two paintings? Do 
you make any distinction between 
touch up or partial painting and a 
complete repainting ? 

See Table 6. 


2.726) Have you observed any marked dif- 
ferences in the way the paintwork 
stands up on different bridges close 
to each other? If so, have you 
found it possible to decide for what 
reasons ?P 


50 % of the administrations report 
that they have observed marked differences 
with regard to the behavior of the paints. 

These differences are caused by : 

a) sea winds (seaward side) ; 

b) heavy rain falls (weather-side) ; 

c) sun rays (*); 

d) blast of 
plants; 

e) chemicals; 

f) permanent humidity. 


locomotives and industrial 


2.727) Have you encountered any special 
difficulties in assuring the proper 
conservation of the paintwork of 
watertight decking? If so, do you 
think special constructional arrange- 
ments could prevent or retard the 
damage ? 


With the exception of 5 administrations 
(Nor. R., Swed. R., T.G.O.1, Nig. R., and 
EAfr. R.) where such bridges are not exist- 
ing, all other administrations report on 
considerable trouble encountered in assur- 
ing proper conservation of the paintwork 
of watertight decking (both sides, top and 
bottom) due to the fact that the drain 
pipes and buckle plates corroded at their 
lowest points and at the rivet connections 
of the deck girders. 

The renewal of bitumastic interior coat- 


(*) The sun has a_ favourable influence 
insofar as it affects a rapid drying of the 
structure, on the other side the sun rays destroy 
the paint. 
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TABLE 6. 
Periods between two subsequent paintings 
Fe ee et a a A 
Coastal areas Industrial Patch 
or regions favourable painting 
unfavourable | with a moist locations used 
locations climate or not 
A. AER. Ee) ce ee 2 3% several several no 
Bey Gia eae A tata: 3 3 7 yes 
en Re ee tee aa: _ 4 15 yes 
GiatEine)e. in the average 7 yes 
INOPLR ee Re ee eee, 10 = 20 no 
Swed. R. 5 — 8 15 20 yes 
TEGEOM: in the average yes 
10 
Nig. R. 3 _ 5 no 
EAfr. R 5 — 10 yes 
Rhod. R 5) _— 20 yes 
SAfr. R 2 2s ? no 
Jap. R. in the Maes yes 
Mal. R. in the average | yes 
10 
nde Re ee eee 4 — 10 hardly 
DiBS. 2 eS ee 12 15 25 seldom 
O.B.B ah eae ee = = 30 yes 


* When the steel is subjected to aggressive chemicals. 


ings of the decks (ballast bed) is always 
expensive and hampers the operating of 
trains. ‘The subsequent filling up of the 
troughs with concrete (South African Rail- 
ways) or using asphalt planks (A.A.R.) is 
not always suitable since the drainage of 
the water is rendered more difficult. 


The D.B. and O.B.B. avoid as far as 
this is possible — to provide new con- 
structions with buckle plates but they 
select watertight deckings making use of 
flat plates provided with sloping surfaces 
in the longitudinal and transverse direc- 
tions so that the water is diverted behind 
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_ 


the abutments. The surfaces in contact 
with the ballast receive three primers 
(coal-tar pitch solution). The O.B.B. are 
of the opinion that a protection of this 
paint work is necessary by means of con- 
crete or tiles. The D.B. avoids a direct 
contact between deck plates and_ ballast 
stones showing sharp edges by placing a 
layer of well-rounded pebbles. 


2.728) In a more general way, do you 
think you can suggest any variation 
in the usual constructional arrange- 
ments which would encourage the 
proper conservation of the paint- 
work ? 

Six administrations (B.T.C., L.T.R., 
C.I. (Eire), Nor. R., D.B., and O.B.B.) stress 
the importance of smooth and simple sur- 
faces of welded structures. 


The Irish Republic Rlys. mention that 
special attention should be given to ade- 
quate drainage arrangements. 


The South African Rlys., the D.B., and 
the O.B.B. recommend a careful  selec- 
tion of suitable steel sections or cross sec- 
tion designs to avoid gaps and water 
traps (rolled sections and box girders). 
The D.B. obtained very satisfactory results 
with closed box steel sections which 
showed no inner corrosion when hermetic- 
ally sealed. 


2.729) Are bridges repainted at non-pre- 
determined intervals, based solely 
on the state of repair of the bridge, 
or is it carried out according to a 
definite cycle established once for 
all ? 


Only 
they are 


five administrations report that 
conducting re-painting within 
predetermined intervals (Irish Republ. 
Rlys., Nig. R., BAt, Rey Mal<B., wand 
Ind. R.). Nearly all remaining administra- 
tions (11) report that the question whether 
a re-painting of a steel bridge has to be 
made or not depends on the result of the 
inspection of the old paint, e.i. the bridges 
are painted as required. 


The Japanese Nat. Railways have de- 


< 
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veloped a so-called paint coat tester to 
examine old paints which permits to 
ascertain and to measure microscopic small 
damages with the aid of an electrolytic 
solution (ammonium chloride) a zinc 
plate, and a micro-ammeter. 


2.731) Have you used metalization? If so, 
what method have you _ chosen 
amongst those known? What re- 
sults have you obtained? Do you 
apply one or more coats of paint 
after metalization ? 


Apart from individual parts as buckle 
plates, drains, bar grates on footways etc. 
metalizing has been actually used by three 
administrations only (A.A.R., B.T.C., and 
SAfr. R. in one case for test purposes). 


In the United States and in South Africa 
zinc or aluminium were applied by the 
spraying method. Surfaces treated in such 
a manner were only painted in some cases. 
The South African Railways consider zinc 
spraying satisfactory but the paint does not 
adhere well to a zinc surface. 


The B.T.C. mentions a wire process as 
opposed to powder. A coat of zinc chro- 
mate paint applied followed by two coats 
of approved paint. Insufficient time has 
elapsed since this has been done to enable 
a judgement on the performance. It must 
be assumed that the above quoted method 
is a painting procedure and not a metaliza- 
tion process proper. 


2.732) What arrangements have you adopt- 
ed as regards the preparation of the 
surfaces to be protected ? 

Seven administrations have given a 
detailed answer to this question. How- 
ever, it is obvious that the removal of rust 
is manually performed by nearly all admin- 
istrations i.e. with the aid of scaling ham- 
mers, spatulas, scrapers, and wire brushes. 
In difficult cases by means of sand _blast- 
ing. Other measures applied are as fol- 
lows : 

a) application of cleaning solvents and 

steam cleaning- (A.A.R., L.T.R., Swed. 

ReeDAr); 


662/24 


b) use of power brushes and power ham- 
mers) (AAR eT Re GL, (Eire), Swed. 
Repo Athos RE) apn RS) 

c) flame cleaning (L.T.R., Rhodesia R., 
D.B., O.B.B.); 


d) chemical rust removal (rust conver- 
sion); however, only for small parts by 
the dipping process (D.B.). 

The Swedish State Railways and the 
German Federal Railways require expli- 
citly the removal of the roll or mill scale. 
Other administrations point out that the 
surfaces to be painted must be completely 
dry and that they must eventually be 
heated prior to their painting. 


2.74) Have you used or considered using 
other methods of protection? If so, 
please give a detailed description and 
state the results obtained. 


Some of the methods mentioned under 
this question as: 


bitumen solutions (B.T.C.) ; 


fixing of additional covering and _ blast 
protection shields (Japanese Nat. Rlys.) 
and 


protection of endangered plate girders 
by concrete or the installation of com- 
posite girders (Jap. R.); 
are generally well-known — also as far 
as the results obtained are concerned; 
the installation of cover plates preventing 
a direct contact between carrying members 
and the ballast, etc. is also frequently 
practised. 

Tests with the zinc powder spraying or 
painting methods (B.T.C., D.B.) may be 
considered as new-developed processes; it 
should be mentioned that, in this case, 
zinc powder is used as cathode protection 
applied on a linseed oil or synthetic resin 
base where the powder is mixed with the 
paint prior to its application or where it 
is sprayed on the already applied paint 
coat. A prerequisite is the thorough clean- 
ing of the surface to be protected. 2 to 
3 coats are applied. It is not yet possible 
to report on the results. 
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2.75) Have you been led to use, at least 
to some extent, rustless steel or other 
metals or alloys in order to avoid 
corrosion of the component parts of 
the structure ? 


This question has been answered by all 
administrations in the negative. 


2.81) What methods do you use for the 
repair of metal bridges showing 
defects due to ageing? Have you 
any particularly interesting cases to 
report ? 

Four administrations (T.G.O.1., Nig. R., 
SAfr.R., Mal. R.) report that they have 
not observed any defects due to ageing 
worth mentioning. 

Nine administrations (A.A.R., L.T-R., 
Gi. (ire), Swed. Ro FARR. fap sine. 
Ind. R., D.B. and O.B.B.) report that in 
such instances where structural parts are 
weakened by corrosion or cracks these 
parts : 

are replaced (in case of minor damages) 
or they 

are built 

sections or plates 
damages) which 


up by connecting up new 
(in case of heavy 


are riveted, screwed, or welded to the 


damaged parts. 

The A.A.R. indicates that loose I-bars 
were tightened by the heating and shrink- 
age method. The L.T.R. mention the 
case of a plate girder through bridge 
where the deck construction was of plates 
and troughs where the latter had arrived 
at the end of their useful life. The defec- 
tive troughs were removed and replaced 
by built up members made up of 2 chan- 
nels, with cross members between them to 
support the longitudinal timbers. As the 
main girders and cross girders of this 
bridge are in very good condition, the use- 
ful life of the bridge has probably been 
extended by another 40 years or more. 


It may be presumed that loose rivets are 
replaced — at all administrations — by 
new ones — probably by such having a 
larger shaft diameter or by fitted bolts. 
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In Germany (D.B.) and Austria (0.B.B.) 
short cracks are arrested — as far as they 
do not decisively impede the carrying capa- 
city — by boring a hole at the end of the 
crack. — 


2.82) What has been your experience as 
regards welding in repairing or 
strengthening steel bridges ? 

Eight administrations (L.T.R., CI. 
(Eire), Nor.R., Swed.R., T.G.O.L, Nig. 
R., EAfr. R., SAfr.R.) report that welding 
to repair or strengthen bridges is not used 
or even rejected since it was found to be 


unsatisfactory. 

The remaining eight administrations 
report that welding is used — to a more 
or less extent — for the repair and 


strengthening of structures. Frequent use 
is made in the United States, Rhodesia, 
Japan, and Germany (D.B.). These 
administrations indicate that the results are 
quite satisfactory. 


Prerequisites to obtain satisfactory results 
are : 
the condition that the old material must 
be suitable for welding and the careful 
execution of the welding. 


Effective 1931 the Japanese National 
Rlys. have reinforced rolled sections and 
plate girders of 1650 bridges by_ welding 
additional sections to them. 


The German Federal Railways give one 
example of several welding jobs carried 
out. The method applied is similar to 
the above mentioned and refers to the 
welding of a damaged rigid frame with 
two hinged supports (see appendix 2). 


2.83) Can you give any examples of par- 
ticularly interesting recent strengthen- 
ing work carried out in order to 
eliminate constructional defects ? 


Coras Iompair Eireann, 


Serious defects developed near _ the 
expansion bearings of a steel deck-type 
underbridge constructed in 1924 consist- 
ing of ten 16 m plate girder spans sup- 
ported on steel trestles. “The defects were 
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traced to weakness in the cross girders at 
the head of the trestles and inadequate 
arrangements. The defects were removed 
by constructing concrete piers to encase 
the steel trestles and provide new bear- 
ings to support the main girders. 


South African Railways. 


In some old spans the designed connec- 
tions of cross girders to main girders were 
unsatisfactory since the rivets worked loose 
and the plates arranged at the lower chord 
cracked. These plates were replaced by 
angle sections. 


Japanese National Railways. 


The six mentioned cases refer to con- 
structional defects (see appendix 3). 


2.91) Have you had to strengthen any 
metal bridges in order to enable 
heavier loads than those originally 
calculated to be carried ? 

If so, please give a brief description 
of the work done and state what 


precautions were taken to ensure 
solidarity between the old and new 
components. 


Nearly all administrations mention the 
strengthening of steel bridges : 


1. Frame members, main-, cross-, and 
longitudinal girders were strengthened 
by riveting or welding additional mate- 
rial to them to increase the cross sec- 
tion. Connections are strengthened by 
using heavier strengthening means and 
by the installation of extension butt 
straps (rivets in double shear) or con- 
tinuity butt straps (Swedish State Rlys., 
T.G.0.1, Nig. R., EAfr. R.,. Rhod. R., 
SAfr.R., Mal. R., Ind. R., D.B., O.B.B.). 
Where — as in many cases — the re- 
moval of the dead load was impossible 
these strengthening cross sections have 
been used to carry the part of live 
loads; 


2. Main girders were supplemented by the 
installation of one or even two parallel 
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girders which are rigidly braced to- 
gether to ensure equal deflection of the 
girders (Swed. R., SAfr.R.). Doubling 
~ the number of cross girders as well as 
their replacement by stronger members 
are common methods applied in South 
Africa; 


3. Halving panel lengths of weak bridges 
by construction of centre piers (Swed. 
R., Nig. R., Rhod. R.); 


4. Plain web girders and lattice girders 
(even those having a large span) have 
been frequently strengthened by in- 
creasing their height (Swed. R., Jap. R., 
D.B.). Appendix 4 shows an example 
of the German Federal Rlys. 


Some reports of the Japanese National 
Rlys. on the strengthening of bridges are 
described in appendix 5. 


2.92) Do you think it is advantageous in 
general to strengthen bridges in order 
to enable them to take heavier loads ? 

Please state what factors you take 
into account in estimating the 
advantages to be obtained from 
strengthening an old bridge which is 
still in good condition rather than 
replacing it by a new bridge. 

Nearly all administrations quote that it 
is considered advantageous in general to 
strengthen steel bridges as long as the 
condition of the bridge is satisfactory and 
a sufficient service life may be expected 
from the reinforced bridge. Moreover, it 
is required to compare the cost requisite 
for a new structure with those accruing 
for a strengthening including all ancillary 
costs. In Japan the age limit is expected, 
in the case of strengthening, at half of 
that of a new bridge. 


3) Bridges and viaducts in masonry and 
concrete. 


3.1) What are the different kinds of dam- 
age which occur owing to the age of 
the bridges and approximately how 
often? ‘The damage in question may 
be due to: 
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3.11) defects in the materials; 

3.12) defects in the design; 

3.13) poor execution of the work: 

3.14) atmospheric conditions and age- 
ing; 

3.15) lack of maintenance; 


3.16) settling of the ground; 


3.17) causes other than those men- 
tioned above. 


With the exception of the Malayan Rlys. 
and the Nigerian Rlys. where there are no 
or only a very few such masonry and 
concrete bridges all other administrations 
have reported on damages and _ their 
causes. Only the German Federal Rlys. 
have given percentages on the frequency 
of the damage causes. However, from the 
answers it may be assumed that the fre- 
quency of reoccurrence is — with only a 
few exceptions due to climatical and 
geographical conditions as follows : 


a) formation of cracks; 

b) breakage and spalling of the face; 
c) washing out of mortar; 

d) destruction of stones and concrete; 


é) exposure of reinforcement steel. 


The formation of cracks is predomin- 
antly traced to the following causes : 


a) exceeding of the permissible earth pres- 
sures (inadequate foundation) (L.T.R., 
AVACRS, UG. OLLS Roda, Raysco Aine Ree 
JapeRa7 Ind Rs DB); 


b) lacking expansion joints in particular 
between abutments and wings (A.A.R., 
LoU.Rs)s 


c) inadequate ballast cover and unfavour- 
able load distribution (L.T.R., EAfr. R., 
SAfr.R., Jap. R., Ind. R., D.B.) ; 


d) lacking reinforcement steels in the 
transverse direction in case of bridges 
using encased rolled beams (EAfr. R., 
D.B.); 
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e) settling of the ground and subsidence 
(Jap. R., Rhod.R., A.A.R., D.B.). 


The general view with reference to 
cracks has been explained — by the South 
African Rlys. — as follows : as long as 
cracks are not progressive and it is quite 
evident that stability is not affected, no 
steps are taken beyond keeping a close 
watch on such structures to see that no 
changes are occurring. 


The breakage and spalling of masonry 
as well as the destruction of concrete, 
stones, and mortar is traced, in the first 
line, to defects in the design and, in the 
second line, to defects in the material and 
to poor execution of the work: 


a) lacking or inadequate waterproofing of 
masonry and concrete structures to 
avoid the unfavourable influences of 
the water which, to a more or less 
extent, is mixed with aggressive che- 
micals or which during freezing has an 
explosive effect as well as improper 
draining are the causes most frequently 
cited (A.A.R., L.T.R., Nor. R., Swed. 
Rey GOS Rhod Re jap. R., DB); 


b) seven administrations complain about 
the use of improper materials, i.e. 
natural stones and bricks being too 
weak and porous, and the employment 
of unsuitable aggregates for making 
concrete and mortar (A.A.R., L.T.R., 
T.G.O.1, Rhod. R., .SAfr. R., Ind..R., 
D.B.); 


c) far too high water contents (in the 
concrete) and poor compacting had, 
corresponding to present-day know- 
ledge, a decisive influence on the con- 
dition of the concrete. Four admin- 
istrations reported such failures due to 
the poor execution of the work (A.A.R., 
SAtok. Inds RD B.\- 


The spalling of the concrete, which fre- 
quently occurred after quite some time, 
thus exposing the reinforcement steels, is 
traced to poor execution of the work. 
The cover of the reinforcement was insuf- 
ficient so that the humidity of the air is 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


665/27 


allowed to penetrate thus coming in con- 
tact with the iron, and the formation of 
rust causes the spalling of the cover 
(L.T.R., Swed. R.). The German Federal 
Railways mention in this connection that 
the formation of rust at the reinforcement 
steels is favoured by chlorides contained 
in the cement and the aggregates. 


Poor maintenance is of no great import- 
ance as damage cause. Properly con- 
structed masonry and concrete bridges do 
not require extensive maintenance as 
compared with steel structures. a 


The cleaning of the mansonry, i.e. the 
removal of grass, moss, and bushes, the 
scratching out of the joints, and the fil- 
ling up of these joints with new mortar 
is only required in greater time intervals 
and it is therefore comparatively inexpen- 
sive. 

The timely renewal of the waterproofing 
and the cleaning of the interior draining 
facilities is of utmost importance. In 
spite of the fact that this work is only 
required 2 to 3 times during the service 


life of a bridge — depending in each case 
upon the quality of the construction 
material used — the costs involved are 


very high (A.A.R., D.B). 


Other damages caused by exterior in- 
fluences are mentioned by 2 administra- 
tions : 


the Japanese National Railways quote 
destructions caused by floating logs 
and rolling rocks; 


and the South African Railways mention 
the undermining of piers and abut- 
ments during a period with intensive 
rainfalls, frequently accompanied by 
cloud bursts. 


3.2) What methods do you use when 
examining masonry and concrete brid- 
ges, including possibly non-destructive 
processes ? 

Table 7 shows the different inspection 
methods used by the administrations. 

Many railways report that they rely 
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TABLE 8 


Result Thickness Type of material used 


Satisfactory Bituminous fabric with hessian base placed in position 
in hot bitumen. 


Satisfactory Asphalt, bitumenised dampcourse over joints. 


Satisfactory ? 2 layers of tar paper. 
3 coats of tar 


Satisfactory ? Prior to 1945. 
2 layers of tar paper. 
3 coats of warm oil asphalt Swed. R. 
To-day : 1 coat of a cold asphalt solution. 
1 thick layer of a special mastic asphalt. 


Satisfactory ? Formerly : several layers of asphalt felt with bitumen 
coats between the layers. 
To-day : one 20 mm thick mastic asphalt layer. 


Rather 7 Several bitumen coats either poured on or applied by 
satisfactory brush. 


Satisfactory ? A watertight layer consisting of 1 to 3 membranes. 


Satisfactory Bitumen and coal-tar pitch (hot as solution or as 
emulsions). 


Jute, glass wool fabrics or metal foils are used as carriers 
for waterproofing mediums; thermoplastic materials 
which can be welded together. 


Satisfactory Primer with a bituminous solution or emulsion. 
2 layers of 22 per cent mastic asphalt intermediate layer 
of paper or cardboard. 
0.5 mm wire net. 
1 layer of 16 per cent mastic asphalt or carriers for 
waterproofing mediums as described under column D.B. 
Only limited use of thermoplastic materials since they 
have to be imported. 


1A a eS EE TE EE ET IT I SE BAT SMO EES SEE OT BON A TNE ESSENSE BLE DELLE 8 EEN SELLA IRE FILE 


exclusively on a visual inspection and on solid body is destroyed several administra- 
tapping with hammers. Cracks ascertained tions use special devices which serve to 
are covered by cement or plaster pads to obtain reliable results, i.e. from the 
be inspected within shorter periods. In exterior: 

some cases use has been made of magnetic 
indicators and electric measuring devices 
to check the depth of reinforcement 
(Ebi Yt GeO.L): tensometer (Huggenberger) ; 

If it is suspected that the interior of a sonoscope; 


sledge hammer (Frank, Schmitt) ; 
concrete pistol; 
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or from the interior : 
core drills used to obtain an undestroyed 
core; 
techno-endescope with the possibility to 
take photographs. 


Measurements serving to ascertain any 
variation of the geometrical form of the 
structure are probably much more fre- 
quently used as stated in the answers of 
the administrations. Chemical examina- 
tions of mortar and concrete specimens are 
carried out by the German Federal Rail- 
ways and the Austrian Federal Railways. 


3.31) On masonry and concrete bridges, 
including those with concrete encased 
girders, what materials are used for 
the casing? What results have been 
obtained ? 


Different views have been expressed by 
the administrations regarding the necessity 
to make masonry and concrete bridges 
waterproof. 

The Nigerian Rly., East African Rlys., 
Malayan Rly., Rhodesia Rlys., and Indian 
State Rlys. report that waterproofing is 
not usual (which is obviously due to the 
favourable climatic conditions prevailing 
in these countries). The preceding Table 8 
indicates the material and methods used 
for this purpose by other administrations. 


3.32) Please give details about the thick- 
hess, siting and arrangements adopted 
for the casing, in particular as regards 
their extension over the spandrels. 


A reply to this question was only fur- 
nished by three administrations (Swed. R., 
T.G.O.1., and D.B.). In Sweden copper 
sheets are used as a medium to warrant 
the impermeability of the expansion joints, 
ie. joints allowing for the separate move- 
ments of individual structural parts, while 
the kind of protection used in Germany 
depends on the size and the type of the 
movements to be expected. In case of 
minor movements it suffices to cover the 
joints by gluing a strap of the fabric cover 
which is used as a carrier for waterproof- 
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ing mediums or by strengthening already 
existing fabrics, extending beyond the 
joints, by an additional strap. If major 
and slow movements are to be expected 
the fabric covering the expansion joint is 
strengthened by one or several copper 
straps. For major and rapid movements 
loops made from copper sheet or thermo- 
plastic materials are used which can freely 
move in grooves which are arranged paral- 
lel to the joint. Moreover, the fabrics 
covering the grooves are additionally rein- 
forced by copper sheets. 

At structures which have not been pro- 
vided with such a protection to safeguard 
the impermeability of the joints or which 
receive only a surface coating, the expan- 
sion joints are covered and made imper- 
meable to water by plastic fabrics. 


3.34) What do you consider is the average 
life of the casing of masonry and 
concrete bridges ? 

The question of the service life of the 
waterproofing used in case of masonry 
and/or concrete bridges was answered as 
follows : 


Old Modern 
water- water- 
proofing proofing 
Vord XE more than 
100 years 
Swed. R. 15 to 20 years} (no exper.) 
SAfr. R. . 20 years = 
Jap. R. 50 years — 
D.B.. . . . . |25to30years| more than 
100 years 
OLB Bae 30 to 40 years = 


It may be generally assumed that a 
waterproofing being properly arranged and 
executed will attain a service life equal- 
ing that of the structure it is protecting, 
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i.e. under the condition that the medium 
used to obtain the waterproofing is pro- 
tected against any mechanical damage and 
that damages to the structure (formation 
of cracks, settling) do not destroy the 
waterproofing (B.T.C., D.B.). 

According to the view as expressed by 
the German Federal Rlys. it may be 
expected that a waterproofing made of 
synthetic thermoplastic materials or of 
metal foils will attain a considerably longer 
service life as one made of organic mate- 
rials as the latter will rot quickly. 


3.35) Are there any types of bridges on 
which you consider there is no point 
in providing a casing? 

Several administrations are of opinion 
that the provision of a special waterproof- 
ing can be dispensed with in case of 
masonry and/or concrete bridges under the 
condition that : 


a) the concrete is sufficiently compact 
(Swedish State Rlys., T.G.O.L., Jap. R.); 
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b) the concrete is prestressed transversely 
and longitudinally [C.I. (Eire), DBA; 


c) special measures are taken to assure the 
rapid draining of the water (sloped 
upper surfaces, adequate drainage ducts, 
and the fill must consist entirely of 
stone ballast of such size so as to drain 
easily) ; 


d) the rails are directly placed on the 
concrete (without ballast) (Nor. R., 
1B 5.0). 8.8.) 


The application of a protective coating 
— repelling water, oil, and aggressive 
chemicals — is recommended by all admin- 
istrations. 


3.41) What do you consider the minimum 
thickness under the sleepers of the 
layer of ballast on bridges in order 
to avoid damage to the casing due 
to the carrying out of work on the 
line and the local stresses due to 
trains passing over them ? 


A.A.R. BEG JL AIRE Gu. Nor. R. | Swed. R.| T.G.O.1.| Nig. R. 
(Eire ) 
cms . 15:25 15225 10 10 21 20 to 40 30 = 
inci = 6 6 4 4 — — — — 
EAfr. R. | Rhod. R.| SAfr.R. | Jap. R. | Mal. R. | Ind. R. D.B. O.B.B. 


15 to 25 25 to 30 | 15 to 30 


The main reason for a greater thickness COUCKCC maCCLAIMIGN TLCS mr Or mother 
of the ballast underneath the sleepers is materials ? 
at q ine = a 5 ; pee : 
to avoid damages to the waterproofing The majority of the administrations 


due to sleeper tamping tools. 


3.42) Do you consider that the casing 
should be protected against damage 
of this sort by an additional layer of 


questioned answered that the placing of a 
protective layer on the waterproofing is 
absolutely required. ‘The undermentioned 
methods have been indicated : 


> 
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a) concrete or mortar layers (5 cm) rein- 
forced by a welded wire-mesh are 
nearly exclusively used by the follow- 
ing railways: L.T.R., Jap.R., D.B., 
O.B.B, eNor.. BR. Swed. R.,. 1.G.0.L; 


b) furthermore, tiles and hard-burned 
bricks placed in bituminous or normal 
mortar (3 to 5 cm) are employed in 
case of bridges with a limited construc- 
tion height or if they had to be erected 
in a very short time (D.B., O.B.B., 
LTRs 


c) a 16 % mastic asphalt (2.5 to 5 cm) 
sometimes with a wire-mesh reinforcing 
(D.B., O.B.B.); 


d) concrete slabs placed in sand (O.B.B.). 


3.5) When the masonry or the concrete is 
threatened with deterioration due to 
the insufficiency of the casing and 
when for operating reasons it is im- 
possible to carry out essential repairs, 
have you done any waterproofing work 
to or through the soffit of the arches? 
If so, with what success ? 


The L.T.R. and the Irish Republic Rlys. 
report that pressure grouting has proved 
successful. 


The German Federal Rlys. 
several methods : 


mention 


a) The brick arch of a road underpass 
which had become very loose and 
weathered and showed considerable 
spalling was repaired in 1954. Cement 
mortar was pressed from the soffit into 
the structure and the soffit itself 
received a coat of gunite. Filter slots 
making use of tiles were provided in 
the soffit to divert the water; the slots 
were covered with a coat of gunite. 
Special boring holes direct the water 
from the back of the arch to the filter 
slots. [The damaged waterproofing of 
the arch was not renewed. After com- 
pletion of the repair work the soffit 
remained completely dry. New dam- 
ages to the arch did not occur; 
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b) Another road underpass (tunnel-shaped) 
with a brick arch showed similar dam- 
ages. Also in this case, the masonry 
was pressure - grouted. Subsequently, 
0.5 mm copper sheets were glued (with 
the aid of bitumen) to the surfaces of 
the soffit. To protect and to keep 
this waterproofing in its position a 
20 cm. thick concrete layer, reinforced 
by a welded wire-mesh, was applied 
underneath the soffit with the aid of 
a scaffolding. 

In spite of the fact that it was not pos- 
sible to keep the surfaces of the arch com- 
pletely free of moisture it was feasible to 
extend the service life of this large and 
valuable structure by several decades. 


3.6) To protect the outside surfaces of 
masonry work in stone, brick or con- 
crete, do you use layers of mortar, 
paint or other special coatings? IE so, 
please state what materials are used, 
together with their characteristics and 
specify in addition under what struc- 
tural and local conditions you consider 
their use advisable. 

Six administrations do not use layers of 
mortar, paint or other special coatings 
(B-T-C, CI (hire), Nig RS EAm Ro 
Jap. R., Mal. R.). Other administrations 
(see table next page) report on more or 
less satisfactory results. 


3.7) What methods do you use to repair 
the damage listed under 3.1) above, 
such as, for example, grouting with 
cement, cutting out seams, prestressing, 
tie bars. 

Please describe the method used on 
your railway. 

There is no doubt that some of the 
undermentioned jobs — which were cited 
by some administrations only — are car- 
ried out much more frequently as this is 
stated in the answers : 

separate replacement of damaged stones, 

new pointing of joints, renewal of the 
waterproofing, replacement of old 
masonry by new masonry or concrete 
plombs, temporary support of parts by 
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Shotcrete method, 
coatings with : impermeable paints or still better with linseed oil, lead, or oil paints 


Brick viaduct (damaged masonry) protected by concrete sprayed on to steel fabric. 
This protection failed and was removed after about 20 years. 


Coats with mineral additives. 


Coats with water-repellent paints. 


Asphaltic plaster for concrete buried in the earth. This method will be no longer 
applied since it is now possible to make the concrete more compact. 


Cement plastering of pilasters ballast walls, and tops of wing and parapet walls. 


Weathered masonry or bricks is given a protective coating of rich mortar consisting 
of 1 part cement to 2 parts sand. Usually quite effective 


Weathered surfaces are cement plastered (or cement spraying) following their 
thorough cleaning. Cement milk or tar coats. 


For damaged or weathered masonry surfaces only : revetment of reinforced gunite 
(the reinforcing steels are kept in their position by anchors) or cement plastering. 
Recently, the plastering or cement mortar required for the gunite process has been 
enriched by additives on a silicate or synthetic resin basis to considerably improve 
the adhesion. Surfaces exposed to blast, oil, and acids, are protected by bitumen, 
mineral, or « fluat » coats. 


Damaged surfaces : revetment of reinforced gunite; the reinforcing steels are kept 
in their position by anchors. 


wood and/or steel, arch strengthening considered as sufficient. Only the Nor- 

making use of reinforced concrete or wegian State Rlys. are of opinion that 

steel frames set in concrete, concrete — with increasing loads — a static exa- 
jackets, etc. The following Table 9 mination is suitable. 

shows the special methods used for The L.T.R. report that the carrying 

this purpose. capacity of brick arched bridges has been 

; ; checked by calculation in regard to the 

3.81) As on most railway lines there are passage of abnormal indivisible road loads, 


some old masonry bridges, have you in connection with the routeing of such 
ever thought that it is necessary to Jongg 


check their strength as a result of 
the progressive increase in loads and 3.82) Have you ever had to strengthen 


speeds, or do you consider that a bridges simply to allow heavier loads 
general examination of the condition than those estimated for at the time 

of the bridge is sufficient ? of construction? If so, please des- 
Most administrations agree that arched cribe the types of reinforcement used. 
structures in a good condition and with a Strengthening to permit heavier loads 


sufficient decking are capable to stand, was carried out by some administrations 
without any difficulties, heavier loads and ple Rab: Cee. TR., Swed. R., Jap. R.). 
higher speeds. A thorough checking of The A.A.R. reports that piers and abut- 
the condition and regular inspections are ments were strengthened by placing a 


TABLE 9. 
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thick layer of reinforced concrete around 


m3 St. | S en aes | the members, carrying down to foundation 
iS where necessary. 
. The B.T.C. mentions that strengthening 
BS & Spl g g g | has been carried out in particular cases, 
a in order to permit a very heavy load to 
ws 2 PA oe travel over a bridge; the bridge is then 
Sk > ad > propped temporarily by means of steel 
supports and timbers. 
gS % The L.T.R. report as follows: the only 
mFS Fa ra example which can be traced of strengthen- 
; ing mainly to take heavier loads, apart 
Ss 6 6 & from the development of defects, is a 
hs é ‘ im strengthening of a brick arch occurring 
Me a in a covered way under a highway; this 
se sa | was done 30 years ago by insertion of 
a old railway rails and concrete between 
oS ony | the arch and the highway. 
by &4 > In Sweden some arched structures with 
< a thin apex have been provided with a 
S 8 | | | reinforced concrete slab suspended in the 
B ballast in order to permit a more favour- 
= a BL a able distribution of loads. 
£5 OnE Cee o | The Japanese National Rlys. report 
ae that they strengthened a concrete bridge 
oe a consisting of several rigid frames with 
Pars) ee. S coupling beams in such a manner that 
— simple supporting walls were erected 
2 g | YA | underneath the frame cross bars and two 
OR Pe ei supporting walls — being rigidly connected 
= with each other — underneath the coup- 
x ie oa | ling beams. With the aid of steel wedges 
sj it was achieved that the newly erected 
S) sansye supporting walls were fully engaged to 
x ce) 2 | carry the live load. 
mx - 3.91) When repairing the arches of bridges 
x S. | necessitating the partial destruction 
X of the masonry, what steps do you 
32 take to assure proper solidarity be- 
OS s tween the old and new masonry, and 
ss to avoid abnormal distribution of 
® 2 = 20 ; the stresses ? 
B ised ace: a a a eevee 
g Sen ; ge eS Six administrations (Bo. Got Ist Re 
3 > mp HOA 2 8 C.La (Fite) 5. Aid Rogek) Eh meatid eee ee 
2 ° - g 2 bo © & Si report that damages at arches (of the kind 
aS Se Saba sce stated in the question) were removed. 
oo5. 2.2 jee 6 2 The German Federal Rlys. were able to 
Bee A Re Om ae gain ample experiences with reference to 
Sl N toe) + va) \o _ 


the repair of arches damaged as a con- 
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sequence of the war events. Depending 

upon the importance of the repair work 

to be carried out one has to distinguish 
between : 

a) the closing of small holes or damaged 
parts in the arch (perforations of pro- 
jectiles, weathering) ; 

b) the replacement of parts of the bow 
of the arch, and 

c) the revetment or lining of entire arch 
sections. 


Re a). 

When closing minor defects the employ- 
ment of embedded ties and later the pres- 
sure grouting of joints (which might have 
been created as a consequence of the 
shrinkage) in order to obtain a_ perfect 
bond and a uniform load distribution 
should be sufficient (B.T.C., D.B., O.B.B.). 


Re b). 

When replacing parts of the bow of the 
arch the South African Rlys. suggest to 
assure that the adjacent areas are not 
loaded. The remaining arch must be 
relieved and slightly lifted with the aid 
of a scaffolding. The German Federal 
Rlys. suggest that it is suitable to provide 
a horizontal transverse joint in the new 
part of the arch for the placing of pres- 
sing tools which serve — after the concrete 
or masonry settled and shrinked — to 
attain the normal pre-stressing of the arch. 
Following the completion of this job the 
scaffolding is removed, the joint is closed 
— from section to section — with concrete 
or masonry, and the lateral working joints 
leading to the adjacent areas are pressure 
grouted. 


REC) 

When lining an arch by means of an 
additional skin the necessary bonding is 
achieved either by indented joints or with 
the aid of dowels (Ind. R.). On the occa- 
sion of the strengthening of the arches of 
the Berliner Stadtbahn, the reinforcing 
rings were extended to frame-like support- 
ing structures and pressed from _ the 
foundations towards the old arches (D.B.). 
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3.92) When do you consider it advisable 
to undertake the partial reconstruc- 
tion of masonry bridges, and when 
on the contrary do you think it better 
to demolish and completely rebuild ? 


Only two administrations [C.J. (Eire), 
T.G.O.1.] consider a complete rebuilding 
generally more economical. 


Nearly all other administrations state 
that the decision whether partial recon- 
struction or rebuilding has to be made 
depends : 

upon the condition of the structure; 

a comparison of the cost, and 

the traffic conditions. 


The opinions may be summarized as 
follows : 


Partial reconstruction of arches is only 
then suitable, if it extends over a com- 
paratively small area of major arched 
structures and the condition of the re- 
maining arch, the abutments, and of the 
foundations is such that a long service 
life of the structure can be expected. 


4) Inspection and maintenance of me- 
tal, masonry and concrete bridges 
and viaducts. 


Metal bridges as well as major masonry 
and concrete bridges are generally period- 
ically inspected by engineers and inspectors 
of the district offices or of the bridge 
department of the main administration of 
a railway. Only in some countries (U.S.A., 
Rhodesia, Malaya, East Africa, India, Ger- 
many, and Austria) special gangs (1 to 
3 men) are at the disposal of the in- 
spectors; the task of these workers is to 
examine rivets and welding seams and to 
perform minor repairs at steel bridges, if 
required. 

Other administrations state that such 
inspections are made as and when neces- 
sary by the staff of their repair shops (Swed. 
R.) or of the general civil engineering or 
permanent way departments (Nig. R., 
Gil andy Jap...) 

Smaller masonry and concrete bridges 
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TABLE 10. — Size, work to be performed, and equipment of gan 


A.A.R. B.T.C; die: Cl) Eire Norsk. Swed. - 
4.111 Inspection of picens uy special mobile | 
CEM co : é Les rie Sh Sean a yes no no no no no 
4.112 Maintenance of bridges by gangs special- 
izing solely in the steel bridges mainten- 
ance ? PT, ee ee aoe yes yes no yes yes no 
maintenance of masonry and concrete 
DYTidgeSurme sw eee e. wlvatgs) comic oc cee yes no no no no no 
maintenance of steel and masonry/concrete 
bridges ? . SO ie eck ech 1 yes no no no no no 
4.113 Inspection of overbridges oY railway 
personnel ? . et ee. aoe ie yes yes no yes no no 
4.121 Size of gangs ? x 1/8 — 1/8 1/6 _- 
4.122 Howmany bridges per gang in one year? Ee —_ 1720 2100 = 
451235 AWathatotaldengtivotmtty. alk oak ox — x 28.5 km 
4.131 Equipment of gangs with mobile ma- 
chines, tools, and implements . mason welding welding electric 
kit equipm. equipm. welding 
equipm. 
a = = =i aia a 
4.132 Are rail vehicles assigned ? yes yes — x yes = 
Are road vehicles assigned? . yes yes — no — 
4.211 One or more bridging workshops? . several no no 1 central no 
workshop 
4.212 Number of workers assigned to a work- 
shop ? nes Sg = = x es oe 
4.22 How are workshops equipped ? ; 
With conventional machines and tools? 
pneumatic installations ? x ae — =e 7 
For which length of bridges ? x =a = eir — 
With rail vehicles? . Et ahs ¥ Le . 
With road vehicles? —_ = oo) J 
Remarks : not applicable. 


no data given. 


| ll ll 


x 
at 


= air compressor as well as pneumatically operated machines and tools. 
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ply of materials and periodic inspections. 


EAfr. R. 


Rhod. R. 


SAfr. R. 


Jap. R. 


Mal. R. 
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electric gas electric electric electric 
welding welding welding and gas and gas 
equipm. equipm. equipm. welding welding 
equipm. equipm. 
— + — 5e — = + a sig ale 
— x —_ x — = yes yes yes yes 
= me — — as no no yes no 
no no no yes yes no yes yes yes yes 
== — — 1/20 — x 15 / 90 US 
— — —_ regular regular — regular regular regular 
equipm. equipm. equipment equipment | equipment 
4 se — » +> 18.3 m >25m 10-15m 
ite aed a= yes < = x yes yes yes 
= — — yes = no yes no 
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TABLE 10. — Size, work to be performed, and equipment of g 


Total of employees used for bridge inspec- 


LION g Meare See ote Mn eh x | 12 -- x Xx 
1500 
fom bridge maintenance \e) alee x J 50 — x x 
ANdditionaléganes aes sees ness yes no yes yes yes no 
Rormwhichwobsiien 2 Saealte ce. Spent < — masonry/ | masonry/ | replace- — 
concrete | concrete ment 
and and of 
wooden wooden rail 
structures | structures | bearers 
Which type of work at steel bridges is per- 
manently carried out by railway personnel ? only depending paint repairs all replace 
if on the repairs repairs ment 
bridges import- of 
are short | ance and rivets 
difficulty 
of 
BylContractorsa game. A. ee. generally the job new new paint other 
construc- | construc- work jobs 
tions tions 
Which type of work at masonry or con- 
crete bridges is carried out by railway 
EMPLOVEESZ ALS GREE ct ee generally works depending} repairs all pressut 
carried on cost works groutin 
out while and of 
operating | workers cemen| 
is not available 
interrupt- 
ed 
mB VACONULACtONS i, ag cane) eee ne ene special all new — other 
jobs other construc- jobs 
works tions 
Are materials required for repairs kept 
invdepot?aes 4 UR PRUE 48 ie no small no no no paints: 
or stocks rivets 
bought as required from private industry ? yes yes yes yes yes yes 


not applicable. 
no data given. 
= air compressor as well as pneumatically operated machines and tools. 


Remarks : 


Il il 


x 


Qe arr 
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ly of materials and periodic inspections (continued). 


EAfr. R. 


Rhod. R. | SAfr. R. 


— x iN iat | ye? 45 | 30/9 ley 2 x \ 
, 1000 
= | 12/200 — ae | Be iso) 54 60 x } 
no no no no no no no no no 
\spec- all all minor minor span mainten- assembly } maintenance 
‘ions works works jobs jobs smaller ance works 
amina- than 16m 
on of 
‘Tvets 
all —- — major major span new new new 
vorks jobs jobs larger construc- construc- construc- 
than 16m tions tions tions 
Ispec- all all — minor — mainten- repairs == 
tions works works jobs ance 
all —_ =— wa major all new new all all 
najor jobs works construc- construc- works works 
jobs tions tions 
no steel no yes yes some only steel for yes 
sections a few sections one year 
rivets 
yes yes yes special no yes yes yes for masonry no 
parts and 


concrete 
bridges 
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: 


; 
TABLE 10. — Size, work to be performed, and equipment of é 


Ga Eire 


Are supplies for works done by contrac- 
tors furnished from a depot of the Admi- 


nistration ? no no only no no rus 
second protec 
hand pain 
material 
Furnished by the contractor? yes yes yes yes yes yes 
AT Are steel spans repaired at the site? . yes yes yes yes depending yes 
on the 
import- 
ance 
In railway-owned workshop ? no no no no yes yes 
In a private workshop ? no no no no yes no 
4.8 Do maintenance gangs work in accord- 
ance with a predetermined programme? yes yes no no no yes 
As necessary? . no no yes yes yes no 
4.911 Periodical bridge inspection ? different yes yes yes yes yes 
4.912 Difference between summary inspection 
and thorough examination? . E different yes no no yes yes 
4.913 Intervals (in years) between summary 
inspection? . ee different ane? — a 1 > 12 
<1 
Thorough examination ? different 3 3 3 6 3 or 


Remarks : — 


<5 


not applicable. 
no data given. 
air compressor as well as pneumatically operated machines and tools. 


as well as culverts are generally inspected 
and controlled by the civil engineering 
staff of the local offices. 


maintenance gangs (L.T.R., Swed. R., 
T.G.O.1., EAfr.R., SAfrR. and Jap. R.). 
The works necessary are performed either 


Only six administrations state that they 
also imspect structures bridging tracks 
(road overpasses) . 

The methods introduced for day-to-day 
maintenance are also very different. 
Several administrations have no_ special 


by contractors or by railway employees 
being not exclusively specialized in bridge 
maintenance (LT Roy Swed. Ra 1.G.Or 
SAfr.R. and Jap. R.). 

The remaining 10 administrations report 
that they have special bridge maintenance 
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ply of materials and periodic inspections (continued). 


no yes cement cement cement tiles 
steel paints 
paints aggregates 
yes no j yes yes 
yes yes J yes depending 
on the importance 
of the job 
yes yes 
no no yes 
no no yes 
— yes yes 
a no yes 
yes yes yes 
yes no yes 
if prior as 
and 
——_—_——| subsequent required 
3 to the as 5 
raining required span > 15m 
season (natural 
pheno- 
mena) 
gangs; however, these gangs are nearly The South African Rlys. have a number 
exclusively specialized in steel bridge of mobile bridge gangs but they do not 
a maintenance. Masonry and concrete brid- carry out inspections or routine main- 


tenance. They exist for the purpose of 
bridge erection and construction, heavy 
maintenance repairs, and bridge strength- 
ening. 

Further information concerning the size, 


ges are also maintained by contractors or 
by railway employees of the field offices 
not specialized in bridge maintenance. 
Only a few American railways have 
gangs being specialized in the maintenance 


of masonry and concrete bridges. ‘There 
are also some railways in the U.S.A. the 
gangs of which are specialized in the 
maintenance of all existing bridges. 


4 


the works to be done, the equipment of 
the gangs, the supply of materials, and the 
inspection periods are to be seen from 
Table 10. 
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APPENDIX 1. 
JAPANESE N.R. 
Reference. 


A simplified formula for limiting 
speed with respect to the plate 
girder usually adopted by J.N.R. 


The field investigation on the vibrational 
characteristics of girder has revealed that 
the impact increases roughly proportionally 
to the speed and reaches its maximum 
value ig at a resonance speed of locomotive 
Vo with respect to the bridge. 


Then, assuming that an impact of some- 
where around 15% always happens due 
to the effect of rail joint and others, no 
matter how low the speed is, a BCM line 
has been drawn as shown below as the 
speed-impact curve for a bridge whose 
degree of safety has been lowered. 


; — Speed ky) Ve? — Vo 
Fig. | 


As the second procedure, the allowable 
impact i, for the bridge in question is 
calculated and Vz which corresponds to iz 
is found through the curve shown above. 
Vz is expressed in a round number by 
5 km/h discarding odds, which is specified 
as the speed limit for the corresponding i,. 
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(1) Calculation of the maximum impact : 


i lore 
io = 0.7 — for L < 30m 
4 000 
10 
ig = —+ 0.14 for L. >330 m 
ii; 
where L—— — Effective span of bridge (m). 


(2) Calculation of resonance speed V : 


310 
Vo=36X "9 (km/h) 


s.+d 

where : 

31, + d——— The deflection due to the 
dead and live loads in cm, 
the impact being ignored. 
A practical formula of 
8, + d for a plate girder is 
given by : 

55 L2 
s+ d= (M, + Mp); 
8 El 

@ ———-— Diameter of driving wheel (m) ; 

E ——w— Young’s modulus of the mate- 

rial (kg/cm?) ; 

I —-—-—- Moment of inertia (cm‘4) ; 

M, ——— Moment due to live load 

(kg-cm) ; 
M,——-— Moment due to dead load 
(kg-cm). 


(3) The allowable impact iz for the 
bridge in question : 


Lied eed 


where : 


S ——-— Factor of capacity of the old 
bridge. 

Speed limiting with respect to trusses is 
determined after precise investigation and 
special examination by experts of the Head 
Office or Railway Operating Division 
Office. 
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APPENDIX 2. 
DEUTSCHE BUNDESBAHN (fig. 2). 


Repair of a welded rigid frame with 
two hinged supports at the subway 
in Duisburg Main Passenger Station. 


A frame (St37SM) of the subway at 
the above mentioned station was hit by a 
bomb at a point near the northern frame 
corner. As a consequence, the frame 
fractured in all cross-sectional areas. Due 
to the grate effect of the girders belong- 
ing to the steel structure (width 9.30 m) 
between platforms 2 and 3 the frame did 
not collapse, but was maintained in its 
original position by the adjacent frames 
and the cross girders (see drawing). 


It was impossible to remove this damage 
by the insertion of riveted flange and web 
plate parts since the cross section would 
have been too much weakened on account 
of the rivet holes, the highly strained 
frame corner would have been subjected 
to undue stresses, and the bearing of the 
troughs of the deck construction would 
have been difficult. 


Following its supporting and the re- 
moval of the damaged part of the hori- 
zontal main bar the frame was repaired by 
welding. 

The thickness of the flange plates is 
65 mm while that of the web is 25 mm. 
The welding is of particular importance 
since the operations required had not only 
to be performed on very thick plates and 
under extraordinary difficulties — due to 
the uncomfortable position of the welders, 
but also because all welding joints are 
located near the frame corner, and one 
flange plate welding joint had even to be 
arranged in a curve and since the frame 
had permanently to remain, during the 
execution of this difficult job, in its ori- 
ginal position, i.e. in connection with the 
double tracked structure consisting of 
four frames, cross beams, and a floor slab. 
Thus considerable dismantling expendi- 
tures could be saved. 
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The installation of the individual parts 
was commenced at the tension flange (at 
the top). The new flange plate piece 
— 460 x 65 = 1080 mm long — was 
inserted and welded — by means of two 
cross seams in several layers — to the 
adjacent flange parts. Since the frame 
shaft was so suspended that it could swing 
freely within the frame plane, it was able 
to follow the effect of the aftershrinkage 
in the upper flange plate. ‘Test welds 
revealed that, because of the thickness of 
the flange plates (65 mm), tulip-shaped 
seams caused heavy one-sided shrinkage of 
the test specimen. Consequently, the 
application of tulip-shaped seams was 
dispensed with. 


Following the welding of the upper 
flanges the compression member (at the 
underside), which had to be replaced, was 
inserted at the soffit of the frame corner 
and — by simultaneously pressing on the 
frame shaft — welded together. 


The most difficult part of this job was 
the welding of the 1953 mm long web 
plate part the dimensions of which were 
so selected that they exceeded those 
actually required. Prior to the insertion 
of the plates and during the welding of 
the vertical seams, the horizontal bar 
flanges were heated with the aid of a torch 
with a special head until a temperature of 
150 centigrades was reached; during this 
process the flange plates expanded by 
approximately 3 mm. As soon as this con- 
dition was achieved the web plate was 
fitted in, and both vertical seams were 
subsequently butt-welded. The extent of 
expansion of the flange plates correspond- 
ed to the presumable shrinkage of these 


seams. hereafter, the neck seams were 
welded. 

Finally, the reinforcing plates — 120 
x 20 — were welded to the web and 


pressure flanges, and the repaired frame 
was connected to the deck construction by 
welding. ‘The butt seams of the flanges 
were ground plane to obtain maximum 
fatigue limits and X-rayed. 
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APPENDIX 3. 
JAPANESE N.R. 


‘1) Looseness of eye-bar of pin-connected 
truss. 


Looseness of the diagonal eye-bars of 
the pin-connected truss, whose span ranges 
from 45 m to 90 m, and which is used in 
number on the JNR main lines, becomes 
serious on account of age. To normalize 
and repair such truss, a work method cal- 
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This process was applied during a period 
from 1952 to 1955 to 745 eye-bars of 
about 80 spans of truss which showed a 
most critical looseness, of the total of 
150 spans. At the same time, the turn- 
buckles that were found loose were re- 
fastened. 


(2) Cracks in the rail bearer of trough 
girder. 

Upon checking over the entire system 

in 1948, cracks were found in the rail 


Photograph No. 1. 


led « shortening of eye-bar » has been 
practised since 1952. That is to say that 
a shortening device is attached to the 
loose eye-bar, and after heating the eye- 
bar, it is shortened by an upsetting pro- 
cess. This process will be repeated until 
the calculated regular stress, which will 
be found by observing the frequency of 
eye-bar, is resumed. 


bearer in 260 spans of the total of 
2655 spans that were inspected. 

This was caused by the fact that the rail 
was rigidly fastened to the bearer, and 
therefore, the deflection of rail affected on 
the bearer, producing positive and negative 
bending moments at its root, which in 
turn caused the failure due to fatigue. 
Consequently, it has been so improved 
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that the rail rests directly on a cross 

wooden sleeper. 

(3) Eccentricity of the web of lattice 
girder. 

Inasmuch as the lattice girder has no 
sway bracing, the vibration of the upper 
flange is larger than that of the lower 
flange, and the lateral torsion is large. 
Therefore, the sway bracing has been 


attached. 


s 


Re 
NX 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


PIT PANG 


D 


685/47 


lattice girder of 22.3 m span has been 
replaced. 


(4) Crack at the bearing part of the lower 
flange of plate girder. 


In the bed-and-sole plate type of sup- 
port, the manner of support becomes an 
edge-support on account of the deflection 
of girder, concentrating the stress at the 
lower flange plate or angle of the main 
girder, which causes the crack. Besides, 


< 


Ye 
Y 


Fig. 4 


However, vne eccentricity of the connec- 
tion of web-members and flange with re- 
spect to the web-members causes a bending 
stress in the web-members, and an actual 
survey has revealed that inasmuch as the 
curvatures due to bending of both tension 
and compression members turn to the same 
direction, they act together resulting in a 
large secondary stress. As a result, the 


because this is the part which is most 
easily corroded, a stiffener has been in- 
serted after the crack has been repaired. 


(5) Rolling off of the rollers of the truss 
shoe. 


The roller bearing of old truss has a 
cage-plate which keeps the rollers in posi- 
tion, but not a fixture which prevents 
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the whole rollers from rolling out, nor a 
device which keeps the axis of roller and 
that of bridge perpendicular to each other. 
As a result, there have been many Cases 
where the rollers generally roll out toward 
the direction of the center of span and the 
perpendicularity of their axes to the Nae 
bridge axis becomes out of order, thus 
losing the function as the roller bearing. 
For those rollers that have been found 
in a rather serious condition, the truss has 
been jacked up, the rollers have been 
brought back to the normal position and 
certain metal fittings have been applied 
as shown in the sketch. ‘Thus the rolling 
out of rollers has been prevented and the 
perpendicularity has been resumed. 


fo Frankfort 
pach Franktort 
fo Frankfurt 
nach Frankfurt 
ua 
' 


els be 


— £600 


(6) Hinge of cantilever girder. 


Inasmuch as it has been revealed that, 
the shearing stress of the rivets at the 
hinged part of the cantilever bridges in 


Verstarkung der Uberbauten fiir Lastenzug E im Jahr 1926. 
Gesamtansicht von Unterstrom. 


the urban lines built in 1900 + 1910 in- 
clusive, ranges from 1050 to 1100 kg/cm? 2. ge | 
under the present load condition, such 38 28 s 
bridges have been strengthened by increas- s 25 eee | : 
ing the number of rivets or by additional a &s lf 
bolts, keeping the shearing stress at aly és a 
750 kg/cm? or less. os 
7: 
APPENDIX 4. a 4S 
=I 
DEUTSCHE BUNDESBAHN (fig. 15). & g 4 
The spans of the bridge over the river, # 
Neckar on the Mannheim-Frankfurt/Main & Fs 
line — which were manufactured in E 
1898 — were strengthened in 1926 for # 
« train load E ». The main girders % “> é 
consisted of parallel-lattice girders with : 
ascending and descending diagonals. The  § 
span widths amounted to 56.0, 76.0, and ® 
56.0 m; the old system height amounted to £ 
7.0 m, and the width of bays to 4.0 m. 3 


The strengthening was accomplished by 
placing arches on the top boom (see draw- 
ing). Moreover, several lattice girders of 
the main girders had to be reinforced. 
To achieve satisfactory interaction between 
old and new components and to secure 


from Mannheim 
von Mannheim 


Bridge over the river Neckar near Mannheim. 


ti 


Fig. 15. — Deutsche Bundesbahn. 
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that the reinforcing members carried part 
of the stresses due to the dead load, corres- 
ponding pressure forces were initiated 
(between 0 and 320 tons) with the aid of 
pressing tools placed on the top of the 
arches so that the stress existing on account 
of the proper weight in each bar to be 
strengthened was decreased to 0. 

Following the execution of the streng- 
thening the horizontal pressure required 
for the entire system was generated, with 
the aid of pressing tools, in the arches and 
they were closed. The horizontal pressure 
was calculated with : 


150 tons for the centre span and 
130 tons for both side spans. 


APPENDIX 5. 
JAPANESE N.R. 


In Japan, the weight of locomotive has 
considerably increased as shown in the 
annexed diagram, and consequently many 
girders have become overloaded under the 
present load condition, for which various 
methods of reinforcement have been 
studied and carried out. 


(1) Reinforcement of trussed beam type. 


In this type of reinforcement, certain 
tension members and struts are addition- 
ally attached to the existing plate girder 


King Post 
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to form a trussed beam as shown in the 
photograph. 


Generally speaking, the king-post type is 
applied to the girder of 6.5 m span and 
the queen-post type, to the girder of 6.5 m 
—> 22 m span for the reinforcing purpose. 
By means of these methods the strength of 


/50 


oe 
S 


1880 1890 /%00 /H0 1920 /930 1940 1950 — 
SS 


Year Fig. g 


6.5 —> 22 m girder can be increased by 
40 — 150 %. The reinforcing members, 
in the case of king-post type, are tightened 
by the wedge at point B, while the stress 
is being measured, and in the case of 
queen-post type, the reinforcing members 


Queen fost 
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Photograph No. 2. 


are tightened by means of the turnbuckles 
which are installed between C and B as 
shown in the sketch, while the stress is 
being measured. 


In both cases the reinforcing members 
are tightened until the stress reaches a 
specified magnitude, so that the dead load 
may be also shared by them. 


The reinforcement of trussed beam type 
that is applied to the plate girder will 
not develop the expected effect, unless an 
adequate initial tension is given to its 
horizontal member as shown in the dia- 
gram. 

In the case of especially long Fing bar, 
the relation between tension and elonga- 
tion is not linear, but is expressed by /\/ 
curve, being affected by the deflection and 
therefore, strictly speaking, the theory of 
least work cannot be applied, and it is 


considered, however, that the theory can 
be approximately applied only when the 
tension is large and the deflection becomes 
practically negligible. 

There have been some cases where the 
forged joint of turnbuckle failed or the 
effect of reinforcement was unreliable due 
to the deflection, and recently such girders 
are being replaced. 


(2) Parallel reinforcement. 


A certain old girder of practically similar 
type is attached in parallel to either side 
of the existing girder as shown in the 
sketch in such a way that the additional 
girders share the load. The increase of 
strength at the center of span by this 
method is 50 °% when there is only one 
intermediate joint, 75 % when two joints 
and 90 °% when three joints. It is difficult 
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Photograph No. 3. 


to keep the eight bearing points on one 
plane, and this method has been in practice 
for the last 30 years. 


(3) Reinforcement by arc-welding. 


a) ‘T-type reinforcement. 
AL jolece oi IP shape is welded to the 


lower flange of the existing girder as 
shown in the sketch in order to increase 
the height of girder. This method is used 
when there is enough space underneath 
the girder and the upper flange need not 
be reinforced. This method has been satis- 
factorily practised since about 26 years ago. 


May 1958 


b) Reinforcement by 


jointly using 
channel and T. 


In the T type reinforcement, the upper 
flange is left intact as mentioned in a) 
above, and therefore, as years go by the 
corrosion becomes so serious that it causes 
occurrence of crack. ‘To prevent this, a 
channel section is attached to the upper 
flange and a T section to the lower flange. 
This method has been in practice for the 
last 26 years, being economically advant- 
ageous. 


Bie? 
Aa 


eed Surface of Giver Lower End! of Girder’ 
Fig. 13 
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Cc) Channel type reinforcement. 


Channel type reinforcing members are 
welded on both upper and lower flanges 
of the existing girders in order to increase 
the cross sectional areas of flanges. This 
method has been in practice also for the 
last 26 years. 


In the case that a bridge is reinforced 
with’ channels while it is in position, the 
strength of the girder is limited by the 
bending stress in the existing members, 
because the reinforcing members receive 
the live and impact loads only as shown 
in the sketch, and a stress as high as the 
allowable stress generally is not allowed 
in the new members. 


The increase of strength due to the 
reinforcement by welding is somewhere 
around 80 % in maximum. — 


It is considered that the reinforcement 
by welding lasts for fairly long time so 
long as the corrosion of the base metal 
does not develop, and the method is still 
in use at present. 


mn mn Stress de 0 ded had 
Og 09 » five load 


and impact 
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(4) Reinforcement by rivets. 


In the case of wrought iron girder of 
poor weldability in a deck plate girder, 
the rivets of flange are removed and the 
corroded cover plate is replaced with a 


new one or an additional cover plate is 
attached for reinforcement. 

There is an example that a Warren truss 
of Pownall type was reinforced turning it 
into Langer truss as shown in the photo- 
graph. ‘The increase of strength is 150 %. 
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QUESTION 7. 


Advantage of the use of high speed electronic apparatus for 
certain administrative works such as : 


1) the making out of pay slips; 
2) traffic and stores accounts; 


3) the checking of the movement of empty and loaded 
freight wagons, thereby improving the distribution of 
rolling stock; 


4) compiling more rapidly already existing statistics, thus 
having also the possibility of preparing new ones. 
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INTRODUCTION. Société Nationale des Chemins de fer Vi- 


1]. Administrations consulted in connec- 
tion with the present report. 


In order to secure the widest possible 
basis for the preparation of the Reports 
on Question 7 (Section IV), a detailed 
questionnaire was worked out at a meeting 
held in Berne between the Reporters and 
the Secretariat of the Association. The 
questionnaire was sent out to the follow- 
ing Railway Administrations and associated 
organisations : 


— Member Administrations : 
Western Germany. 
Deutsche Bundesbahn. 


Austria. 
Austrian Federal Railways (6.B.B.). 


Belgium and Colony. 
a) Belgium : 
Société Nationale des Chemins de fer Belges; 


b) 


cinaux; 
Compagnie Générale d’Entreprises Electri- 
ques et Industrielles « Electrobel »; 


Railways Economiques de Liége-Seraing et 
Extensions; 


Compagnie Belge de Chemins 
d’Entreprises. 


de fer et 


Colony : 
Chemins de fer du Bas-Congo au Katanga; 


Chemins de fer du Congo Supérieur aux 
Grands Lacs Africains; 


Chemins de fer Vicinaux du Congo; 


Office d’Exploitation des Transports Colo- 
niaux (OTRACO). 


Bulgaria, 
Bulgarian State Railways. 


Denmark. 


Danish State Railways; 
Private Railway; 

East of Seeland Railway; 
Lolland-Falster Railway. 
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Spain. 
Red Nacional de los Ferrocarriles Espafioles 
(R.E.N.F.E.); 


a) 


b) 


Catalanes Railway Company. 


Finland. 
Finnish State Railways. 


France and French Union. 
France : 


Société Nationale des Chemins de fer Fran- 
Cais; 

Chemins de fer Départementaux; 

Société Générale des Chemins de fer Eco- 
nomiques; 

Chemins de fer Economiques du Nord; 

Régie Autonome des Transports Parisiens; 

Chemins de fer Secondaires du Nord-Est; 

Compagnie Générale de Voies Ferrées d’In- 
térét local. 


Other territories of the French Union: 


Africa. 


Chemins de fer Algériens; 

Chemins de fer de Gafsa; 

Compagnie Fermiére des 
Tunisiens; 

Chemins de fer de l’Afrique Equatoriale 
Francaise et du Cameroun; 

Chemins de fer Coloniaux de 1l’Afrique Occi- 
dentale Francaise et Togo; 

Chemin de fer Franco-Ethiopien de Djibouti 
a Addis-Abeba; 

Chemins de fer de Madagascar; 

Chemins de fer du Maroc; 

Chemins de fer de la Méditerranée au Niger. 


Chemins de fer 


Asia. 


Chemins de fer Royaux du Cambodge; 
Régie des Chemins de fer du Viét-Nam. 


Greece. 
State Railways; 
Chemin de fer Pirée-Athénes-Péloponése. 
Hungary. 
State Railways. 
Indonesia. 


State Railways. 


Italy. 


State Railways; 

Mediterranean Railways; 

Railway and Tramway National Company; 
North of Milan Railways; 

Ferrovie del Sud-Est; 

Ss. A. Torinese Tranvie Intercomunali; 
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Venitian Company for the Building and 
Operating of Secondary Railways in Italy; 
Brescia Electric ‘Tramways. 


Luxemburg. 


Société Nationale des Chemins de fer Lu- 


xembourgeois. 


Netherlands. 
Netherlands Railways. 


Poland. 
State Railways. 


Portugal and Overseas territories. 


Continent : 

Portuguese Railways. 
Overseas territories : 
Angola Railways; 
Benguela Railways; 
Mozambique Railways. 


Rumania. 
State Railways. 


Switzerland. 


Swiss Federal Railways; 

Bernese Alps Railways; 

Rhaetian Railway; 

Viege-Zermatt Railway; 
Yverdon-Sainte-Croix Railway; 
Fribourgeois Railways; 
Emmental-Burgdorf-Thun Railway. 


Syria. 
State Railways; 
Damas-Hama and Extensions Railway. 


Czechoslovakia. 
State Railways. 


Turkey. 
State Railways. 


Yugoslavia. 
State Railways. 


Affiliated Organisations : 


Compagnie Auxiliaire Internationale de Che- 
mins de fer; 

Compagnie Internationale des Wagons-Lits 
et des Grands Express Européens; 

Deutsche Schlafwagen- und Speisewagen Ge- 
sellschaft; 

Federazione Nazionale Imprese Trasporti; 

Office Central des Transports Internatio- 

naux par Chemins de fer; 

Union Internationale des Chemins de fer; 

Union des Voies Ferrées; 


Union d’Entreprises Suisses de ‘Transport. 
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2. Definition. 


When the questionnaire was prepared, it 
was deemed absolutely necessary to provide 
a precise definition of « high output elec- 
tronic computers for use in administrative 
work » which we had called « Ordinateurs » 
(i.e. « computers ») for short. 


In the French version of this report, we 
have used the term « Ensemble Electroni- 
que de Gestion » or « E.E.G. » for short, 
which seemed to us to represent a satis- 
factory translation of the accepted Amer- 
ican term « Electronic Data Processing 
Machine », or « E.D.P.M. » for short. 
Incidentally, the term « Ordinateur » has 
already been claimed as a proprietary name 
by one of the leading manufacturers. 


The following definition was suggested : 
« An electronic data processing machine 1s 
made up of electronic units operating at 
high speed, and of high capacity. It can 
perform any calculation or logical opera- 
tion (comparison), working from a stored 
programme. » 


Our inquiry also included certain elec- 
tronic machines for special purposes such 
as seat reservations, automatic account- 
ing, etc. 

On the other hand, and this has been 
pointed out by certain Administrations in 
their replies, we did not deal with elec- 
tronic computers for arithmetical or scien- 
tific work. In fact, the wording of the 
Question is merely concerned with prob- 
lems of administrative work. However, 
owing to the close kinship between elec- 
tronic data processing machines and elec- 
tronic computers, the latter will also be 
mentioned on several occasions, and our 
questionnaire also envisaged the use of elec- 
tronic data processing machines for the 
handling of problems of a scientific char- 
acter. 


3. Preliminary analysis of replies re- 
ceived. 


Up to now, replies have been received 
from 45 Railway Administrations. Among 
these, 29 stated that they were unable to 
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provide the information asked for, essen- 
tially for the following reasons : 


— the advent of electronic data processing 
machines was still of such recent date 
that they had not yet been able to 
complete the preliminary studies; 


— many of these Administrations were of 
the opinion that their size and operat- 
ing characteristics did not appear to 
justify the use of such apparatus. 


Among the 16 Administrations from 
whom a positive reply was received, the 
following : 


— two Administrations had already placed 
an order for such equipment : 


— France — S.N.C.F.: one I.B.M. 
Type 650 Computer, to be delivered 
in 1958, and one Bull Gamma 
60 machine to be delivered in 1960; 

— France — R.A.T.P.: one I.B.M. 
Type 650 Computer, to be delivered 
in 1958; 


— two Administrations were about to place 
an order: 


— Belgian Congo — OTRACO : (equip- 
ment not specified); 

— Finland: reservation of one I.B.M. 
Type 650 Computer. 


The following twelve Administrations 
stated that they were still in the stage 
of preliminary studies, or furnished useful 
information about the present position con- 
cerning the mechanisation, by means of 
punch-card methods, of their administrative 
work : 


— German Federal Republic : Deutsche 


Bundesbahn; 
— Austria: Oesterreichische Bundesbahnen; 


— Belgium und Colony : 
Société Nationale des Chemins de fer 
Belges; 
Société Nationale des Chemins de fer 
Vicinaux; 
Chemins de fer du Bas-Congo au Ka- 
tanga; 
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— Spain: Red Nacional de los Ferrocar- 
riles Espanoles; 


— France and French Union: Chemins de 
fer de Madagascar; 


— Italy : Italian State Railways; 

— Netherlands : Netherlands Railways; 
— Poland: State Railways; 

— Portugal: Portuguese Railways; 

— Switzerland : Swiss Federal Railways. 


At this point, we should like to express 
our vivid thanks to all the Administrations 
concerned for their kind collaboration 
which has enabled us to prepare the found- 
ations for this report. 

Finally, the International Union of Rail- 
ways have indicated that they have un- 
dertaken a study of the applications of 
electronic data processing machines and of 
the services which these machines might be 
able to render to the Railway Administra- 
tions. 


4. General outline of the present report. 


As the replies show, none of the Ad- 
ministrations consulted is in fact using 
electronic data processing machines at pre- 
sent. This is not surprising. The machines 
concerned have only been available for a 
few years. It was in 1951 that the first 
Univac I of Sperry-Rand was taken into 
operation by the American Government 
Bureau of Census at Washington, and it 
was only after that date that sufficient de- 
tailed information became available out- 
side the United States, the country in 
which, up to the present, nearly all manu- 
facturers and users of these machines are 
domiciled. 

It will therefore still take several years 
before the first users will be able to draw 
up a balance sheet of their experience. In 
the circumstances, it seemed to us that the 
present preoccupations of the Railway 
Administration would be best served by 
devoting a major part of this Report to 
a fairly detailed description of the general 
characteristics of electronic data processing 
machines and of the problems inherent in 
their use. 
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CHAPTER I. 


GENERAL CHARACTERISTICS OF 
ELECTRONIC DATA _ PROCES- 
SING MACHINES. 


1.1. Standard punch-card systems and 
electronic data processing machines. 


After defining « Electronic Data Proces- 
sing Machines », and before examining 
their characteristics, it appears to be neces- 
sary to elucidate clearly the difference be- 
tween electronic data processing machines 
and standard punch-card systems. Not only, 
the speed of punch-card machines remains 
limited by the presence of mechanical 
parts; but in particular, there are intrinsic 
limitations to the use of punch-card systems. 
These can only deal with factual data which 
must all undergo or initiate the same pro- 
cess. Any special case, any supply of addi- 
tional information calls for a different, 
sometimes laborious operation based on a 
re-sorting of the basic information. 
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However, with these conventional methods 
which are widely used by the Railway 
Administrations, it is possible to carry 
out, much more quickly and economically 
than by purely manual handling, many 
kinds of administrative work involving a 
great volume of data and a great number 
of parameters, such as the preparation of 
pay slips, the compilation of freight 
traffic accounts and statistics, supplies 
accounts, etc. 


Moreover, as we shall see later, the exist- 
ence of a punch-card system is generally 
prerequisite to the use of electronic data 
processing machines. 


* * * 


With the application of low-tension tech- 
niques (electronic valves) and semi-conduc- 
tors (transistors), and with the advent of 
information storage facilities (« memories ») 
with immediate access (magnetic core sy- 
stems) or high-speed access, i.e. after 
1/50 000th of a second (magnetic tapes, 
drums and discs), it has become possible 
to dispense with all mechanical parts and 
thus to obtain operating speeds which are 
about a thousand times higher than, those 
of conventional machines. 


At the same time, owing to the use of 
binary numbers, where all the information 
required for a given operation can be 
expressed by a combination of « open » 
or « closed » positions of an electric cir- 
cuit, it has become possible to take 
full advantage of purely electrical wiring 
schemes. Although the number of digits 
representing a given number is thereby 
increased to about three times the number 
of digits required in the decimal system, 
this drawback is greatly outweighed by the 
high speed of operation. 


Moreover, and this is a vital charac- 
teristic of electric data processing machines, 
the use of the binary system permits to 
carry out not only arithmetical operations 
but also logical operations. As a result of 
theoretical studies, based on BOOLE’S alge- 
bra, it has been possible to interpret the 
process of logical reasoning as a series of 
binary schemes. To use a vivid phrase 
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borrowed from a manufacturer: The asso- 
ciation of the binary system and electronic 
circuits has permitted the construction of 
machines which can size up the situation 
at the speed of light, thus reproducing the 
action of the human brain. However, in 
spite of the journalistic use of such phrases 
as « electronic brains » or « robots », this 
does of course not mean that these ma- 
chines can « think ». They are content 
to carry out, faithfully, and with « elec- 
tronic » speed, the programs drawn up 
for them by men. 


Here we must point out the second vital 
characteristic of electronic data processing 
machines, viz., the recording of the work- 
ing program in the machine itself, and the 
automatic unfolding of this program as the 
data are received, associated with the stor- 
age of the results. Owing to the possibility 
of carrying out logical operations, it is 
possible to include in the program all the 
specific cases which are liable to occur, the 
« branching » to the corresponding sub- 
programs being carried out automatically 
on the strength of comparative tests. 


Thus, in contrast to punch-card machines 
whose working method is reminiscent of 
that employed by an industrial undertaking 
which uses conventional machine tools for 
mass production processes (where all work- 
pieces undergo the same treatment at 
every stage of the work), the working 
method of electronic data processing ma- 
chines is rather more akin to manual 
methods where each case is dealt with indi- 
vidually, with all its special features, be- 
fore passing to the next case. 


1.2. Brief description of an electronic 
data processing machine. 


In principle, an electronic data proces- 
sing machine consists of an assembly of 
units, each having a_ well-defined func- 
tion, viz. : 


— data and program input devices: with 
punch-cards, punch-tapes, and particul- 
arly magnetic tapes on which several 
millions of characters can be recorded; 
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— storage or memory devices, generally con- 
sisting of systems of magnetic cores or 
magnetic drums; 

— an arithmetical and logical electronic 
computer; 

— output devices, supplying results in 
the form of punch-cards, punch-tapes, 
magnetic tapes or printed statements. 


Mémoires 


Sorties 


Entrées 


opérateur 
arithmetique 
et logique 


Fig. 1. — Theoretical arrangement of the dif- 
ferent parts of an electronic data processing 
machine. 

N. B. — Mémoires = storage. — Entrée = input. 
Registre = control. — Sorties = output. — Opé- 
rateur arithmétique et logique = arithmetical and 
logical section. 
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The general arrangement of the different 
parts can be represented in the form shown 
in figure 1. 

This arrangement is absolutely general. 
The control unit represents an assembly of 
devices which permit the switching, at the 
right moment, of data coming from or 
destined for different units for the purpose 
of carrying out a program. 

The actual layout of an electronic data 
processing machine, however, differs to 
some extent from this diagrammatic repre- 
sentation and corresponds to the arrange- 
ment shown in figure 2. Z 

With the aid of the programs (') and 
storage devices, it is possible to introduce 
all the variants of a problem and to reveal 
all the anomalies and special cases. As 
the number of units can be varied, it is 
possible to adapt the composition of the 
equipment to the specific needs of each 
user. 

A major system may contain, in addition 
to the central computer and control unit: 
— several magnetic drums; 


() Program: As already stated, the program 
is stored inside the machine. It consists of a 
series of instructions which are carried out one 
after the other in a given sequence. 


Entrées 


Mémoire 
auxiliaire 


Unité Centrale 


mémoire 
opérateur arithmétique 
et logique 


Sorties 


Pupitre (' 
Fig. 2. — Arrangement of the different parts 
of an electronic data processing machine in practice. 
N. B. — Mémoire auxiliaire auxiliary memory. — Entrées 
== ‘input.— Unité centrale = central processing unit, — Mémoire 
— memory. — Opérateur arithmétique et logique = arithmetical 
and logical section. — Sorties = output. — Pupitre = desk. 
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ETS, 
Lecteur 

de bande 


Vis 
100 
Unité centrale 
Arithmétique et lo- 
, Re, 
x Perforatrice 
: de carte 
i: 


Sortie auxi- Entrée. auxiliaire 
Lecteur 


mibeien ie eel (par le clavier) 
& écrire) 


oe 


Connexion et sens de circulation des informations en opérations prin- 


—_—_——) cipales. 


Connexion et sens de circulation des informations en opérations auxiliaires 


(I (opérations les plus couramment utilisées). 


Fig. 3. — General layout diagram of the different parts of an electronic data 

processing machine. 

N. B. — Lecteur de bande = tape reader. — Tambour magnétique = magnetic drum. — 
Unité d’impression = printing unit. — Unité centrale = central processing unit. — 
Arithmétique et logique = arithmetical and logical. — Perforatrice de carte = card 
punch. — Lecteur de carte = card reader. — Sortie auxiliaire (machine 4 écrire) = auxiliary 
output (typewriter). — Entrée auxiliaire (par le clavier) = auxiliary input (by keyboard). — 
Connexion et sens de circulation des informations en opérations principales = flow of data 
for main operation. — Connexion et sens de circulation des informations en opérations 
auxiliaires (opérations les plus couramment utilisées) = flow of data for auxiliary operation 


(operations most frequently used). 
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— between 10 and 20 reels of magnetic 
tape; 

— a variable number of electro-mechanical 
printers, governed by the required rate 
of output of certain returns or state- 
ments such as pay advice slips, for 
example; 

— two or three punch-card or punch-tape 
reading units; 

— two or three units for the punching of 
summary cards or tapes. 


In normal operation, all the data must 
pass through the central processing unit 
which is the working unit and the only 
one connected to all the others. It is, how- 
ever, possible to transform the input data 
and output data without using the central 
processing unit by resorting to auxiliary 
operations. 

The general arrangement of the different 
types of units used in an electronic data 
processing machine is shown in figure 3 
which also shows, schematically, the dif- 
ferent connections possible. 


1.3. Development of electronic data pro- 
cessing machines: from scientific 
computers to management control. 


As already mentioned at the outset, the 
appearance of the first « electronic data 
processing machines » only dates back to 
1951. But it had been preceded, about 
a decade earlier, by the advent of « elec- 
tronic computers », based on the same prin- 
ciples. Whilst the latter require only fairly 
limited data input and output devices for 
a very high computing capacity, the data 
processing machines do, in contrast, require 
input and output devices of a very high 
capacity; their development has taken much 
longer as it involved electromechanical, and 
no longer electronic techniques. On the 
other hand, the data processing machines 
are usually content with simplified com- 
puter devices. \ 

Apart from this change of emphasis which 
has given rise to electronic data processing 
machines of high capacity, attention must 
also be drawn to a progressive evolution 
of conventional punch-card equipment 
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which has resulted from a constantly spread- 
ing application of electronics in the con- 
stant search for further improvements in 
terms of speed and output. ‘This evolu- 
tion has affected first the multipliers and 
then the calculators. The flexibility of the 
latter was increased with the advent of 
program machines. Moreover, in order 
to increase their potentialities, especially 
in respect of capacity, the electronic cal- 
culators were connected to tabulators and 
thus formed the first interconnected « tab- 
ulator — calculator — summary card 
punch » system. 2 

Also, the possibilities of programmin 
increased considerably when it became pos- 
sible to record the instructions not only 
on a plugboard but also on program cards 
read by tabulators. 

Finally, with a view to improving the 
data input facilities, dual-feed tabulators 
have recently appeared on the market. 

This evolution has led to the develop- 
ment of electronic data processing machines 
of medium capacity. 

By way of example, this development is 
illustrated in Appendix I as far as the 
machines of the International Business 
Machines Corporation (I.B.M.) and those of 
the BULL Machines Company are con- 
cerned. 


1.4. Brief technology of the components 
of an electronic data processing 
machine. 


Some particulars about the development 
of the different organs are recalled below: 


1.4.1. Input devices. 


These are being perfected in various 
respects : 

a) increase in speed of operation : the 
speed at which punched tapes can be 
read, for example, has increased, in 
a few years, from 450 to 12000 charac- 
ters a minute; 

b) increase in the number of data input 
points. The latest electronic data pro- 
cessing machines are able to accept, 
simultaneously, data fed from several 
dozens of different input organs; 
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c) introduction of new techniques which 
permit direct electronic reading of data 
by brushing magnetisable points arrang- 
ed during printing, and the automatic 
punching of cards at a speed of 500 per 
minute, or the direct reading of charac- 
ters printed with magnetisable ink at 
a speed of 500 to 1600 characters per 
second or, finally, the direct reading 
of figures with the aid of photo-electric 
devices at a speed of 500 lines a minute. 


The data input devices most frequently 
used are thus still the punch-card and the 
perforated tape. 


The cards are usually produced in pre- 
mises close to the electronic data processing 
machines. ‘There is, however, a tendency 
to decentralize punching operations. In 
this case, the cards are either forwarded by 
mail or reproduced on the spot, using hert- 
zian or telegraphic channels. 


The perforated tapes are produced either 
by teleprinter or by simple calculating 
machines or typewriters. The choice of 
the number of channels entails no longer 
any problems: All the card punching and 
tape reading devices can accept punched 
tapes with 5, 6 or 8 channels, regardless 
of the code used, and a device is available 
which permits the telegraphic transmission 
of codes other than the 5-channel codes 
which are at present most widely used. 


1.4.2. Output devices. 


Since the speed of conventional rod and 
wheel type printing methods appears to 
have a practical limit of 150 lines a 
minute, other techniques have been resorted 
to, suchas 


— « flying wheel » printers, able to print 
300 to 400 lines a minute; 


— drum or wire type printers, able to 
attain speeds of 500 to 600 lines a 


minute; 
— cinematographic reproduction devices 
which permit the recording of 


2000 characters a second on standard 
35 mm film. 
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The following possibilities are also being 
studied : 

— cathode ray tubes which permit either 
a momentary record of characters at a 
speed of 100000 characters a second, 
or a permanent record at a speed of 
25 000 characters a second; 

— electromagnetic or electrostatic record- 
ing devices which can transcribe and 
retain data received from the cathode 
ray tubes, and which can operate at 
speeds. varying between 4000 and 
10000 characters a second. 


1.4.3. Storage devices. 


The following devices are mainly used, 
arranged in the order of increasing mean 
access times : 

— magnetic core systems; 
— magnetic drums; 

— magnetic discs; 

— magnetic tapes. 

As far as magnetic tapes are concerned, 
these are now generally made of plastics, 
able to run in either direction, and _ pro- 
vided with automatic recording control. 


1.4.4. Central processing units. 


The following two trends stand out 


clearly : 


— use of transistors : with the general 
introduction of transistors, it will be 
possible to reduce the size and energy 
consumption of the central processing 
units and, at the same time, to sim- 
plify the air conditioning installations 
and maintenance service; 

— developments of printed circuits which 
permit a considerable reduction of wir- 
ing and facilitate the replacement of 
elements. 


In conclusion, the technical trend is 
towards electronic data processing machines 
of constantly increasing flexibility which 
are able to adapt themselves to the specific 
requirements of different undertakings. 
Also, owing to this flexibility as well as 
owing to the total inter-connection of the 
different elements, it becomes easier to 
adapt the equipment to the development 
of input and output techniques. 


a 
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1.5. Programming methods. 


The manufacturers are anxious to faci- 
litate programming so that electronic data 
processing machines may be operated by 
staff with only a minimum of specialist 
training. For this purpose, they are de- 
veloping techniques for automatic program- 
ming. ‘The systems most widely used are 
the different « Compilers » produced by 
Remington-Rand, and the « FORTRAN » 
produced by I.B.M. The last-named system, 
originally conceived for the applications of 
scientific computing, should soon be fully 
adapted to management control problems. 
The manufacturers supply to their clients 
whole « libraries » of programs and sub- 
programs. 


1.6. Physical installations. 


The installation of an electronic data 
processing machine calls for special mea- 
sures, having regard to certain conditions 
not encountered with standard punch-card 
equipment. In particular, the air must 
be filtered, and air-conditioning must be 
applied to the premises in which the equip- 
ment proper, the magnetic tape magazines, 
and the maintenance team are accommodat- 
ed. The temperature and air humidity 
fluctuations must not be allowed to exceed 
certain narrow limits, if reliable operation 
is to be ensured. 

By way of example, Appendix II shows 
the layout plan for an ILB.M. Type 705 
Computer. The floor space occupied by 
the equipment proper amounts to about 
350 sq. m. The inclined ramps are needed 
to permit the provision of an installation 
floor where the electric feeder circuits and 
certain air conditioning ducts are installed. 
They permit the removal of peripheral 
units for maintenance purposes. ‘The tapes 
are kept in a magazine, immediately adja- 
cent to the entrance. 


aie Operation and maintenance. 


Electronic data processing machines can 
normally operate up to about 20 hours a 
day, five days per week. Because of the 
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absence of mechanical parts, the central 
processing units merely require periodical 
adjustment tests. As far as the input and 
output devices are concerned, which con- 
tain mechanical parts, there are always 
several of them available which can be 
pooled so that these devices can be given 
a normal maintenance service, without in- 
terrupting the operation of the equipment 
as a whole. 

With _ single-shift operation, one must 
reckon, on an average, with one hour of 


testing before work can begin. With 
double-shift operation, a second similar— 
testing period is required. The few re- 


maining hours are, in theory, wholly avail- 
able for a third shift. In practice, as 
already mentioned, the maximum utiliza- 
tion per day is about 20 hours. In case 
of need, it is possible to obtain 25 to 
30 hours of uninterrupted operation. In 
all cases, the manufacturers also require a 
continuous period of eight hours per week, 
generally on Saturday or Sunday, for main- 
tenance work. 

The number of operating personnel, sup- 
plied by the user, is extremely small. The 
normal team comprises a principal operator 
who supervises the progress of the program 
from his control desk and keeps the log 
book, and two or three operators who are 
responsible for the handling of the magnetic 
tapes. There are, in addition, a few oper- 
ators whose number varies with the capacity 
of the input and output organs. 

These figures are confirmed by the ex- 
perience of American users, already extend- 
ing over several years. Electronic data 
processing machines are remarkably reliable 
in operation. Involuntary stops do not 
exceed 3 to 4 % of the guaranteed working 
time, and are, in 75 % of all cases, due 
to failures in the input or output devices 
so that the repercussions are limited. 


1.8. Principal machines at present in 
use. 


It is difficult to compile a complete 
inventory. We shall confine ourselves to 
mentioning the best-known types of equip- 
ment without giving details of their par- 
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ticular features. In fact, a comparison of 
the basic features of each type of machine 
cannot, in itself, furnish valid information 
about their suitability or otherwise for 
dealing with a problem or group of prob- 
lems, and the definition of a _ standard 
equipment is not possible because of the 
very great variety of combinations of oper- 
ating units. 


UNITED STATES : 


BURROUGHS: DATATRON. 

I.B.M.: COMPUTERS 305, 650, 705, 709. 

LOGISTIC RESEARCH: ALWAC 800. 

NATIONAL CASH REGISTER: NA- 
TIONAL 304. 

RADIO CORPORATION OF AMERICA: 
BIZMAC, 

REMINGTON RAND: FILE COMPU- 
TER, UNIVAC FACTRONIC II, LARC. 


EUROPE. 


Western Germany : 
I.B.M.: COMPUTER 650. 


France : 


BULL: GAMMA 60. 

I1.B.M.: COMPUTER 650 and 705. 

SOCIETE D’ELECTRONIQUE ET. D’AU- 
TOMATION: CAB 2000, 3000. 


Great Britain: 


BRITISH TABULATING MACHINES : 
CALCULATOR 550. 

ELLIOTT BROS.: ELLIOTT 405. 

FERRANTI: PEGASUS AND MERCURY. 


Sweden: 


LOGISTIC RESEARCH : ALWAC 800 (un- 
der construction), 


1.9. Approximate cost of electronic data 
processing machines. 


As a general rule, the user has the 
choice of three alternatives : 
— simple hire; 
— hire-purchase; 
——spunchase. 


To provide an indication of the order 
of magnitude, the monthly hire of an elec- 
tronic data processing machine of medium 
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Capacity amounts to at least 5000 to 


6 000 U.S. Dollars whilst the purchase price 
varies between 200000 and 300000 USS. 
Dollars. 

For an electronic data processing ma- 
chine of large capacity, the monthly hiring 
charge amounts to between 50000 and 
60000 Dollars, and the purchase price may 
exceed 1 million Dollars. 


* * * 


GHAPT ERS, 


APPLICATIONS OF ELECTRONIC 
DATA PROCESSING MACHINES. 


2.1. Information supplied by the Admi- 
nistrations. 


2.1.1. Germany (Deutsche Bundesbahn) : 
The applications envisaged in the first 
instance would concern freight traffic 
accounts and _ statistics, stores control, and 
certain problems of statistics and planning. 


2.1.2. Austria (Oesterreichische Bundes- 
bahnen): The Austrian Federal Railways 
intend to assign to one electronic data pro- 
cessing machine all the works at present 
carried out by conventional punch-card 
equipment, viz. : 

— payrolls and pensions (number of staff : 

90 000); 

— premiums and control of train crews 

(number of staff: 7 000); 

— staff accident statistics; 
— control and statistics of freight traffic 

(550 000 consignments per month); 

— control of receipts from international 
traffic (76 000 consignments per month); 

— motive power performance statistics; 

— supplies control (90000 items and 
200 000 stock movements per month). 


The type of electronic data processing 
machine to be acquired will be so chosen 
that all the works listed above will only 
occupy about 60 % of its time in single- 
shift operation, in order to provide reserve 
capacity for future additional applications. 


2.1.3. Belgium (S.N.C.B.): The feasibility 
of the handling of payrolls (for a_ staff 
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numbering 70000) by electronic data pro. 
cessing machines is at present being studied 
by several firms in collaboration with a 
committee consisting of four S.N.C.B. de- 
legates. Descriptions of other works which 
are at present being handled by mechanical 
methods have been supplied to the firms 
which have been invited to submit pro- 
posals with a view to installing an elec- 
tronic data processing machine of high 
capacity. 


2.1.4. Belgian Congo (OTRACO): The 
following works will be assigned to an 
electronic data processing machine of an 
unspecified type : 


— payrolls and control of staff (number- 
ing 17 000); 

— audit of receipts 
month); 

— control of railway and river transports 
(100 000 cards per month); 


(350000 cards per 


— litigations concerning river transports 
(2000 cards per month); 

— sundry statistics (500000 cards per 
month); 


— supplies (35 000 items); 
— planning of naval construction sites. 


It is also envisaged to use the electronic 
data processing machine for operational 
research purposes (research on stock keeping 
problems, capacity of motive power units, 
correlation calculations, etc.). 


2.1.5. Spain (R.E.N.F.E.): Investigations 
~ are being carried out with a view to using 
an electronic data processing machine for 
the movement control of goods wagons 
(numbering 80000) in order to reduce the 
wagon turn-round time. It is envisaged, 
first of all, to reduce the time spent in 
marshalling yards, for the. routeing of trains, 
and for loading and unloading. It is also 
envisaged to scrutinize the individual ve- 
hicle mileage statistics from a maintenance 
point of view. 


2.1.6. Finland: The applications envisa- 
ged are: 


— payrolls and control of staff (number- 
ing 23 000); 
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— Statistics and accounts of passenger and 
goods traffic (40000 cards per month); 

— supplies (1500 movements per day), and 
finally; 

— the movement of goods wagons. 


It is intended to reserve a time margin 
of 15 % for exceptional work of a scientific 
character, especially for economic and com- 
mercial studies. 


2.1.7. France (S.N.C.£.): The electronic 
data processing machines ordered by 


S.N.C.F. correspond to different conceptions — 


of use. 


21.71) ThevL BM. Type’ 650 Computer 
(without magnetic tapes) which is due to 
be delivered early in 1958, has been 
acquired in order to replace the conven- 
tional punch-card equipment which carries 
out, for the whole organisation of the 
S.N.C.F., the following operations on the 
strength of a single basic document, known 
as the « traction bulletin summary » : 


— monthly calculation of the bonuses of 
drivers and firemen (numbering about 
30 000); 

— statistics of train mileages and trailing 
loads; 

— statistics of fuels and lubricants consum- 
ed by motive power units. 


In addition, the same equipment carries 
out numerous works on request. Altogether, 
some 18 million cards per annum are 
punched and processed. 

The Type 650 Computer is intended to 
be used in two-shifts operation. ‘The first 
shift will carry out the normal routine 
work in connection with the traction bul- 
letin summary, whilst the second shift will 
deal with work of a non-routine character, 
particularly with scientific work which is 
developing rapidly. When the Gamma 60 
plant described below has been taken in 
operation, the Type 650 Computer will, 
in principle, be used for the last-named 
type of work only. 


2.1.7.2. The placing of an order for a 
high-capacity Bull Gamma 60 electronic 
data processing machine, due to be deli- 
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vered in 1960, conforms to a much more 
ambitious programme of centralizing the 
whole of the administrative, accountancy 
and financial work as well as certain aspects 
of the technical Administration of the 
S.N.C.F. 

At present, important activities such as 
movement, supplies, parts of the accounts, 
etc., are still carried out manually whilst 
the control of staff, the payments to retired 
staff, accounts and control of freight traffic, 
supplies accounts and various statistics are 
carried out in 12 punch-card installations 
of the conventional type, all located in 
Paris and working either for the S.N.C.F. 
as a whole or for one of the Regions only. 
In all these cases, punch-cards are used 
exclusively, and all the cards (more than 
200 millions per annum) are punched in 
the offices themselves. All the basic data 
are thus processed in Paris and the results 
are only available globally, after a certain 
time. Finally, all the offices work at 
present to the limit of their single-shift 
capacity, and a change-over to two-shift 
operation would cause difficult staffing 
problems. 

An examination, carried out in 1956, of 
the possibilities offered by electronic data 
processing machines has resulted in a new 
conception of the organisation dealing with 
all administrative data. This conception 
is based on the following principles : 


—  mechanisation of all the 
administrative work; 

— integrated processing of all the informa- 
tion contained in a basic document; 

— decentralisation of the mechanical tran- 
scription of the basic documents; 

— decentralisation of the evaluation of re- 
sults or statistics of purely local interest; 

— use of the so-called management by 
« exception method » where this method 
is able to improve management control. 


spheres of 


This new organisation, which will in no 
way affect either the chain of command 
or the decentralisation of executive func- 
tions, will be based on the following 
apparatus : 


— the Departments will continue to sup- 
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ply the basic data, either in the normal 
form of statements or, wherever this 
alternative seems to hold promise of im- 
provement, directly in mechanically re- 
corded form, e.g. in the form of perfor- 
ated tapes; 

— multi-purpose « District Centres », which 
will be provided with light mechanical 
processing equipment of the conven- 
tional type, will ensure the re-arrange- 
ment of the basic data within their own 
district; they will deal domestically with 
those data which permit the evaluation 
of statistics or results of local interest, 
and will forward their information to 
the central office; 

—a central office, at headquarters, will 
ensure the centralized handling of all 
the data, and will produce all the state- 
ments necessary for the different man- 
agerial levels. It is this program which 
has prompted the placing of an order 
for the Bull Gamma 60 plant which is 
intended to work in two shifts very soon 
after being taken into use. 


The S.N.C.F. emphasize that this oper- 
ation must of necessity extend over a cer- 
tain number of years. After this transition, 
the 12 existing punch-card installations 
will have disappeared. 

A first-stage programme is envisaged and 
is at present the subject of definitive stu- 
dies. It includes : 


— payrolls and control of active staff (num- 
bering 360 000); 

— quarterly pensions for 400000 retired 
members of the staff; 

— social service payments (4 millions per 
annum, addressed to 1.7 million clai- 
mants); 

— accounts and _ statistics of wagon-load 


freight traffic (600000 consignments, 
representing one million cards per 
month); 


— evaluation of the traction bulletin sum- 
mary (see 2.1.7.1 above). 


These different works are at present 
almost wholly carried out by means of 
mechanical processing methods. 

The relative size of the constituent organs 
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of the Gamma 60 equipment has been 

determined by the specifications indicated 

above, e.g. : 

— the printing capacity is governed by the 
handling of the payrolls; 

— the size of the magnetic drum stores is 
governed by the social service pay- 
ments, etc. 


The subsequent stages of the programme 
will concern the other sectors of account- 
ancy, the control of supplies, rolling stock 
movements, and finally budget control and 
costing. ‘These further applications call for 
major feasibility studies which are at pre- 
sent in progress. 

The S.N.C.F. do not contemplate the 
creation of a special transmission system 
for information destined for the electronic 
data processing plant. The forwarding of 
punch-cards or perforated tapes by night 
train from the district centres to the 
Gamma 60 installation is deemed to be 
sufficiently rapid for all the applications 
envisaged. However, if the studies concern- 
ing the movement problems should lead to 
methods which would call for very rapid 
transmission of information, use would be 
made of the general teleprinter system 
which is at present being developed. 


2.1.8. France (R.A.T.P.) : The installation 
of an I.B.M. Type 650 Computer, planned 
for 1958, is prompted by two considera- 
tions : 

— the execution of a special job concern- 
ing the time-keeping and payrolls of 
staff; 

— a general improvement over the effi- 
ciency of the existing mechanical record- 
ing office. 

The selected application concerns a prob- 
blem which it would have been too onerous 
to tackle with the old methods. Its pur- 
pose is: 

— to analyse the time-keeping of 11 000 bus 
conductors and drivers, classified by de- 
pots and by reasons for absence from 
work; 

— to compile daily and weekly statistics on 
these items; 

— to calculate bonuses, penalties, overtime; 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


709/27 


— to keep up-to-date the individual records 
of hours worked, compensating time, 
holidays, annual leave. 


The basic data will be introduced by 
means of mark-sensing cards (approx. 16 000 
per day). 

The results will relate to daily, weekly 
or monthly periods as required. 

Moreover, the computer will gradually 
take over a certain number of jobs at 
present carried out by conventional equip- 
ment. 


2.1.9. Italy (State Railways): The use of 
a medium-capacity electronic data proces- 
sing machine is envisaged for: 


— payrolls and control of staff (number- 
ing 160 000); 
— control and statistics of freight traffic. 


These works are at present carried out 
by means of specialized punch-card instal- 
lations. 


2.1.10. Netherlands: It is envisaged to 
use electronic data processing machines 
partly for known problems (such as _pay- 
rolls), partly for problems difficult to tackle 
by conventional methods (calculation of 
wagon-load charges). 

The Netherlands Railways lay particular 
emphasis on the advantage of being able 
to use electronic data processing machines 
also for work of scientific character which 
they have already promoted with the aid 
of punch-card equipment. They mention 
in particular, the following possible applica- 
tions of electronic data processing machines: 


— the solution of equations of a higher 
order; 

— the calculation of timetables; 

— the calculation of curve realignments. 


2.1.11. Poland : Electronic data processing 
machines would be particularly useful in 
the following spheres : 


= tratiice stacistics: 
— supplies; 
— marshalling of goods trains. 

They would also be used for work of 
scientific character for which the Railway 
Research Institute is responsible. 
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2.1.12. Switzerland (Swiss Federal Rail- 
ways) : The following applications are being 
studied : 


— payrolls and control of active staff 
(40 000) and retired staff (25 000); 

— inland wagon-loads traffic (150000 con- 
signments, including those which require 
clearance with the private companies); 

— supplies (85 000 items); 

— wagon movements (25000 wagons). 


It is also intended to study, at a later 
stage, the following applications : 


— passenger traffic; 
— general accounts; 
— costing. 


2.1.13. Synthesis of the preceding infor- 
mation: From the information supplied 
by those Administrations whose replies have 
been summarized above, it is possible to 
deduce very clearly certain criteria for the 
application of an electronic data proces- 
sing machine. 


2.1.13.1. The applications generally nam- 
ed as being suitable for a first stage of 
the use of electronic data processing 
machines are these: 


— payrolls and control (in the widest 
sense) of active and retired staff; 

— accounts and statistics of freight traffic; 

— performance statistics (mileages and ton- 
nages of trains, etc.). 


The reasons for the prior choice of these 
applications are numerous: these works are, 
in nearly all cases, already carried out by 
punch-card methods which, though well 
developed, involve heavy work due to: 


— the volume of units to be taken into 
account (which often exceeds 100 000); 

— the great number of parameters (grades 
of pay, statistical classifications, etc.). 


Electronic data processing machines are 
also expected to reduce the time within 
which the results become available so that 
decisions can be taken more effectively. 


2.1.13.2. The following applications are 
also mentioned : 


— control of supplies; 
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— control of rolling stock movements; 
— general accountancy; 
— costing. 

Although it is not possible, on the 
strength of the replies furnished by the 
Administrations, to obtain a precise picture, 
it would seem that the problems concerned 
are mostly not at present tackled by com- 
prehensive punch-card treatment, and that 
they represent applications where the use 
of electronic data processing equipment 
holds a promise of improved management 
control. 

It is worth noting that the problem of 
distributing empty wagons has not been 
mentioned by any Administration. It is, 
however, a problem which it would be 
particularly interesting to study, in view 
of its repercussions on operation. 


2.1.13.3. At least two Administrations 
have decided to use their electronic data 
processing machines as a means of centra- 
lized management. ‘They propose to make 
a start with the applications already tackled 
by punch-card methods. 


2.1.13.4. Most of the Administrations 
propose to reserve a part of the capacity 
of their electronic data processing machines 
for carrying out studies of a_ scientific 
character and, in particular, for operational 
research. 


2.1.13.5. None of the Administrations 
mentions the use of special purpose elec- 
tronic computers. In our questionnaire, 
we had referred, by way of example, to: 


— seat reservation machines (studied by 
the airline companies); 

— accounting machines (studied by the 
Post Office Money Order Departments). 


2.1.13.6. The very great diversity of 
applications studied and, on the other 
hand, the profound differences as between 
one Administration and another provide 
ample confirmation that electronic data 
processing machines represent instruments 
of great flexibility of use, capable of mak- 
ing a worthwhile contribution to all mana- 
gement problems with which Railway 
Administrations are confronted. ~ 
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In this connection, the order of magni- 
tude of the volume of these works for 
which certain Administrations intend to 
use electronic data processing machines, 
does not appear to be different from that 
of the volume of work at present tackled 
by punch-card methods with other Admin- 
istrations who have indicated to us that, in 
their opinion, the potentialities of an elec- 
tronic data processing machine exceed their 
own requirements. Such a difference of 
opinion is, in our view, due to the fact 
that these machines are still very new. 


* * * 


2.2. Attempted outline of the principles 
governing the applications of elec- 
tronic data processing machines. 


On the basis of the replies received from 
the Administrations and the information 
gathered elsewhere, it is possible to draw 
up a list of the principal applications, 
starting with those which link up naturally 
with the routine methods of administrative 
management. 


2.2.1. First of all, electronic data pro- 
cessing machines are able to carry out all 
those jobs which can be carried out with 
conventional punch-card methods, but with 
greatly improved speed and accuracy; their 
superiority is most marked where large- 
scale operations are involved. 


2.2.2. Owing to the very principle of 
_electronic data processing, it is possible 
to create, simultaneously, several specific 
index systems for the same category of 
data so that it becomes easier to keep up- 
to-date and to analyze the data pertaining 
to different parameters. The magnetic tape, 
in particular, affords a new solution to 
the problem of operating large-size index 
systems. 

Moreover, it is possible to carry out spot 
checks while an operation is going on; the 
samples thus obtained can be recorded and 
kept up-to-date with a view to subsequent 
studies. 

Finally, it is relevant to ‘point out the 
ease with which it is possible to modify 
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a given working program for the purpose 
of extracting information of an excep- 
tional character. More often than not, 
such a modification will not even have 
any practical effect on the time required 
for the operation. With established punch- 
card methods, such a modification would 
call for a new processing of all the punched 
cards. 


2.2.3. With electronic data processing 
machines, it also becomes possible to 
generalize the use of the so-called « excep- 
tion method » or « variance method » for- 
problems involving a considerable quantity 
of data and parameters. By way of illustra- 
tion, we propose to describe further on how 
an electronic data processing machine is 
able to deal with a supplies problem. 

On a series of magnetic tapes, a per- 
manent stock ledger is recorded which 
comprises in particular, the identification 
number of each item, the consumption sta- 
tistics for recent months, the orders placed, 
the re-order level adopted, the normal sup- 
pliers, etc. 

Any changes in the level of stocks, any 
new orders, any modifications of the re- 
order level and any change in the list of 
suppliers, etc., are periodically introduced 
into the electronic data processing machine 
as and when the permanent ledger is pro- 
cessed. The program will prescribe that, 
as a general rule, the permanent ledger 
will simply be kept up-to-date, i.e. that a 
new series of magnetic tapes will be prod- 
uced to replace the preceding series, with- 
out taking prints of the stock position. 
But the program will also lay down that, 
whenever a new movement causes the stock 
position of an item to become critical, 
judged by the application of the re-order- 
ing level adopted (and this comparative 
operation will be made automatically for 
each item within a few micro-seconds), all 
the information concerning that item will 
be produced in print. ‘The official res- 
ponsible for watching the levels of stocks 
will thus be in possession of all the quan- 
titative data which will enable him to 
decide the extent of the order to be placed, 
also keeping in mind such other criteria 
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as the plans for the coming year, the cash 
position, etc. 

Thus, instead of having to consult perio- 
dically a considerable number of statements 
where most of the information is without 
immediate interest, the official concerned 
will be able to concentrate his attention 
on the comparatively few exceptions to 
the established rules, and to make correct 
decisions based on detailed and _ recent 
information. 


This example shows clearly that deci- 
sions are not made by the electronic data 
processing machine itself. The machine 
merely provides the necessary data, and 
for this reason, an electronic data proces- 
sing machine may be said to be an excellent 
tool of operational research. 


2.2.4. By following up the same example, 
another application of electronic data pro- 
cessing machines becomes apparent. One 
of the documents indicating the movement 
of stocks and used for keeping the above- 
mentioned ledger up-to-date, is the « stores 
issue voucher ». As it happens, this docu- 
ment also contains data relevant to the 
accounts: price per unit, allocation to a 
given account, etc. With the aid of other 
programs, it will thus be possible to obtain, 
from the same document, the stocks accounts 
and certain data pertaining to cost accounts. 
It is thus possible, with the aid of the elec- 
tronic data processing machine, to process 
the same document for several different 
purposes. [his represents a considerable 
advantage compared with established punch- 
card methods where all the information con- 
tained in the basic documents must be 
processed successively, according to the na- 
ture of the results looked for. In practice, 
it is often necessary to punch several cards 
which must necessarily contain a consider- 
able quantity of common _ identification 
data. 

Generally speaking, the activities of any 
undertaking are reflected in a limited num- 
ber of documents. An electronic data pro- 
cessing machine thus constitutes an instru- 
ment of centralized management. It can 
be regarded as an organ for simultaneous 
processing where all relevant data are con- 
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centrated and which is the distribution 
centre for all the results affecting the 
management of the undertaking. The 
equipment thus performs the function of 
a « management information centre », 
capable of supplying all the data for the 
calculation of cost prices and for the bud- 
getary control. It is this conception which 
is reflected in the American expression 
« Integrated Data Processing ». 

This is indeed the most characteristic 
contribution made by electronic data pro- 
cessing machines in the sphere of manage- 
ment control. It is hardly necessary to 
emphasize that, in an undertaking of such 
complexity as a railway system, such a con- 
ception can only be realized after prolonged 
studies, based on the analysis of the internal 
information channels, and that it must be 
supported by a suitable data transmission 
system. 

It might be feared that such a concentra- 
tion of management is incompatible with 
a decentralisation of executive functions. 
But this is by no means the case. On the 
contrary, owing to electronic data proces- 
sing machines, the exercise of executive 
functions becomes more efficient at all 
levels, because precise and recent informa- 
tion required for taking decisions is made 
available. The introduction of electronic 
data processing machines as a means of 
centralized management is therefore not 
prejudicial to the preservation of the chain 
of command, although the possibility can- 
not be excluded that it may, in certain 
cases, bring to light the advantage of mak- 
ing changes in the existing organisation. 


2.2.5. Finally, as already stated in Sec- 
tion 1.3, electronic data processing machines 
can be used for complex scientific calcula- 
tions — a precious, if marginal, advantage 
of this technique. 


2.2.6. It may be concluded, from this 
brief evaluation, that electronic data pro- 
cessing machines represent instruments of 
management of virtually universal use. 
They are in fact capable of finding solu- 
tions to all those problems where the data 
can be formulated quantitatively. 


* * * 
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CHAPTER III. 


ECONOMIC JUSTIFICATION FOR 
ELECTRONIC DATA _ PROCES- 
SING MACHINES. 


3.1. Information supplied by the Admi- 
nistrations. 


The information supplied by the Ad- 
ministrations in this respect is rather 
sketchy, though it is possible to draw from 
it certain definite conclusions. 


3.1.1. In the Belgian Congo (OTRACO), 
it is estimated that it will be possible to 
reduce the existing punch-card equipment 
by 75 %, with consequent savings in staff, 
which should cover the bulk of the hire 
cost of the proposed electronic data pro- 
cessing machine. 


3.1.2. In Spain (R.E.N.F.E.), the savings 
effected by the introduction of the first 
stage of electronic data processing (control 
of freight wagon moyements) are expected 
to be solely of an indirect nature, and not 
immediately quantifiable. 


3.1.3. The Finnish Railways State, with- 
out providing quantitative information, 
that their economic assessment will merely 
take into account the savings resulting 
from the replacement of existing equip- 
ment by the electronic data processing 
machine. 


3.1.4. In France, the Régie Autonome 
des Transports Parisiens state that during 
the first application envisaged (time-keep- 
ing analysis of 11000 bus drivers and con- 
ductors; statistics and related matters; cal- 
culation of bonuses and keeping of staff 
records), the costs of working the I.B.M. 
650 Computer will be about the same as 
the costs of the method at present in use. 


3.1.5. The S.N.C.F. arrive at the same 
conclusion as regards the first applications 
of the LB.M. 650 Computer (bonuses for 
train crews; tonnage, mileage and consump- 
tion statistics). As regards the Bull Gamma 
60 equipment which is intended, during 
the second stage, gradually to take charge 
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of all the management control problems, 
the studies have shown that the annual 
costs for the machinery of the new organisa- 
tion (including those for the district centres 
whose function has been explained in Chap- 
ter II) will not be greater than the cost 
of the existing punch-card equipment, in 
spite of the fact that several new applica- 
tions will be added. But the reductions 
in the establishment of punched card oper- 
ators alone will ultimately result in a clear 
saving which will more than outweigh 
the cost of the machine, so that a substan-_ 
tial economic advantage is ensured. The 
calculations are based on an amortisation 
period of four years. 


3.2. Outline of a procedure for assessing 
the economic justification of elec- 
tronic data processing machines. 


It would seem possible to evolve the 
following guiding principles : 


D2 lite itesiswmerely <a case Of trans: 
ferring the work of an established punch- 
card equipment to an electronic data pro- 
cessing machine without change of methods, 
it is possible to carry out an ordinary 
economic comparison based on the cost 
of the equipment and that of the staff at 
present engaged in punch-card operations. 
This is mostly the case where the use 
of an electronic data processing machine of 
medium capacity is envisaged. The same 
method of calculation can also be used in 
the case of well defined manual works, car- 
ried out in specialized offices. 


3.2.2. If it is intended to change the 
methods, a comparison becomes more dif- 
ficult. The easiest way would seem to 
be first to carry out an economic com- 
parison of the kind just described, and 
then to appraise the economic effect of the 
modification of the methods. 


3.2.3. If it is intended to use an elec- 
tronic data processing machine as an organ 
of centralized management — which may 
imply the setting up of a new organisation 
and will, in all cases, call for the introduc- 
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tion of the new system in several stages — 
the following method is suggested : 


— determine the approximate composition 
of the electronic data processing machine 
(usually one of high capacity), which 
calls for a tentative estimate of the 
quantities of data to be handled and 
of the periodicities governing the hand- 
ling of the principal problems; 


— determine the intermediate stages which 
may be required, and the means of 
transmission to be set up; 


— work out the total cost for the whole 
organisation, taking into account a 
period of amortisation not exceeding 
five years, in view of the fact that this 
type of machinery may become obsolete 
very rapidly; 


— work out the direct savings ultimately 
to be expected (pre-existing machinery 
eliminated, and personnel and _ offices 
accustomed to the new organisation). 


It will then be possible to work out, 
on the strength of the considerations listed 
above, the direct savings to be expected 
from the organisation of centralized mana- 
gement. 


It will also be possible to estimate the 
order of magnitude of certain indirect sav- 
ings, arising as a result of the anticipated 
improvements in management. For in- 
stance : 


— reduction in the wagon round-trip time; 
— reduction in the volume of stores, etc. 


Savings of this kind will often turn out 
to be considerably more important than the 
direct savings. 


If this first general study leads to positive 
results, the investigation will concentrate 
on the first stage of applications. It will 
then become possible to determine the pre- 
cise composition of the equipment (assum- 
ing single-shift working in order to allow 
for subsequent extension of activities). 

Finally, an estimate will be made of the 


time that should be reserved for scientific 
calculations. 
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3.2.4. In conclusion, it may be stated 
that : 


— the direct savings can usually be determ- 
ined fairly easily, whilst; 

— the indirect savings (improvement in 
management control) can, at the outset, 
only be estimated approximately; but 
these may, in themselves, justify the 
decision. 


There is, of course, a certain minimum 
volume of administrative work below which 
any kind of mechanisation ceases to be an 
economic proposition. The development 
of the conventional punch-card methods 
has shown that this minimum level is grad- 
ually lowered. It may be assumed that this 
will also. be the case with electronic data 
processing machines if the following gen- 
eral considerations are taken into account: 


— the volume of administrative work in- 
creases constantly; 

— the cost of clerical labour also increases 
constantly; 

— the cost of mechanized work 
constant downward trend. 


shows a 


In consequence, and this is a well-known 
fact in the sphere of administrative organ- 
isation, those schemes for the mechanisa- 
tion of labour which had shown doubtful 
economic prospects on first examination, 
should be periodically reviewed with due 
regard to the trends referred to above. 

* * * 


CHAPTER IV. 
ORGANISATION OF STUDIES. 


The organisation of the studies that must 
precede the installation of an electronic 
data processing machine constitutes a major 
problem, as has been stressed unanimously 
by the first users as well as by the manu- 
facturers. As numerous Administrations are 
at present at that stage, we thought fit 
to devote a section of the questionnaire 
to these studies. 


4.1. Information supplied by the Admi- 
nistration. 


From the information supplied, a distinc- 
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tion can be made between three types of 
organisation : 


4.1.1. Creation, at the highest level, of 
a special organisation entrusted with the 
duty to proceed with a preliminary study 
of a general character and, subsequently, 
to direct the detailed work. This principle 
has been adopted, in particular, in the 
Belgian Congo (OTRACO), in France 
(S.N.C.F.) and in the Netherlands. 


In the Belgian Congo (OTRACO), the 
general policy is laid down by the central 
Administration. The studies are carried 
out by teams of two or three persons for 
each application, under the guidance of 
the Managing Committee. The members 
of these teams continue to attend to their 
normal duties. 


In France (S.N:C.F.), a « Mechanisation 
Committee » has been called into being 
under the direction of the Deputy General 
Manager, and consisting of representatives 
of all the Directorates, Departments and 
Regions. This Committee has set up five 
working parties for the purpose of carrying 
out a preliminary analysis of the principal 
spheres of application which appeared to 
be possible : 


= Ttraltic: 

==) Stains 

— accounts; 

=~ stock control; 
— commercial. 


The working parties have been set up 
on a functional basis, i.e. they comprise, 
in each case, representatives of all those 
departments which take part in the circula- 
tion of the data concerned, from the pre- 
paration of the basic document to the eva- 
luation of all the information extracted 
from it. 


Parallel with these studies, the Gen- 
eral Research Department at headquarters, 
which is responsible for punch-card methods, 
is carrying out a detailed technical study 
of the different machines in existence and 
has organized, with the aid of the manu- 
facturers, information meetings for higher- 
ranking officials as well as detailed courses 
for the training of a number of specialists. 
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Once the decision had been taken, and 
the first applications had been determined, 
the definitive studies were centralized at 
headquarters. The part played by the 
research organisation set up for this pur- 
pose is confined to the definitive transposi- 
tion and to the preparation of the programs 
for each application, in accordance with 
the methods prepared by the working 
parties and approved by the Directorates 
concerned. ‘The organisation also prepares 
the physical installation and ensures, in 
conjunction with the manufacturers, the 
training of the necessary personnel. “The 
organisation consists of a dozen young full- 
time officials. 


The Netherlands Railways have created 
a body responsible for the general direction 
of the studies in which the following de- 
partments are represented : Operating, ‘Traf- 
fic, Rolling Stock, Permanent Way, Signal- 
ling, Economic Efficiency, Finance. 


4.1.2. A great number of Administra- 
tions take the line that electronic data 
processing machines represent the latest 
stage in the development of conventional 
mechanical methods, and have therefore 
entrusted the bodies responsible for these 
methods to carry out the investigations on 
electronic data processing. 


This is the case in particular, in Germany 
(Deutsche Bundesbahn), Spain, Finland and 
Switzerland. 


4.1.3. Finally, certain Administrations, 
such as Belgium (S.N.C.B.) and Italy (F.S.), 
have appointed full-time officials to study, 
with the specialists of one or several of 
the manufacturers, the use of an electronic 
data processing machine for certain applic- 


ations. 
* * * 


4.2. Other items of information gather- 
ed by the reporter. 


The general trend discernible from the 
information supplied by the Administra- 
tions is confirmed by information gathered 
from the manufacturers and various users 
of electronic data processing machines. In 
nearly all cases, the studies have been 
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initiated by a committee at headquarters 
level in which the heads of all departments 
are represented. After a preliminary ex- 
ploration of the possible fields of applica- 
tion, and once the equipment has been 
chosen, the centralisation of the definitive 
studies is the procedure most frequently 
adopted. If there is a special department 
responsible for punch-card processing me- 
thods, it is usually this department which 
is entrusted with the studies: frequently, 
the work is attached to the Accountancy 
or Financial Department, which is the prin- 
cipal user of punch-card equipment. 

With the first users, it has been com- 
mon practice to call in consulting engineers, 
either for the selection of the equipment 
or for the direction of the studies. This 
applies, in particular, to undertakings 
which do not possess an Organisation and 
Methods Department of their own. 

As regards the definitive studies, it is 
general practice to set up full-time work- 
ing parties, specialized for each applica- 
tion. ‘These working parties normally in- 
clude specialists in administrative methods 
and programming as well as representatives 
of the departments concerned. ‘These 
teams may comprise as many as ten persons. 

Apart from these specialized teams, one 
often encounters other teams charged with 
the investigation of certain common prob- 
lems such as codification, liaison, geogra- 
phical divisions, etc. 

It must again be stressed that it is 
absolutely necessary to study all the details 
of the information channels, especially 
where the conception of centralized manage- 
ment is practised. For example : 

— the contexture of all the basic docu- 
ments must be reexamined to ensure 
that these contain all the data required 
for simultaneous processing; 

— the specialized codings, which may be 
of advantage in connection with the 
established punch-card methods, must 
be replaced by codings of general appli- 
cability; 

— the methods of forwarding data and 
results must be studied in conjunction 
with the time lags deemed to be accept- 
able for each application. 
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The time taken up by these studies varies 
considerably. It can hardly be less than 
six months even in the case of a single 
transfer of mechanized work to an elec- 
tronic data processing machine of medium 
capacity. In other cases, these studies will 
often take more than two years, even for 
the first group of applications. 

* * * 


4.3. Selection of equipment, and part 
played by the manufacturer. 


The choice between different types of 
equipment must normally be made after 
the preliminary studies and economic 
calculations have been carried out. This 
choice is dependent on a detailed study 
of the different types of equipment and 
of the technical assistance available on the 
part of the manufacturers. 

Once the equipment has been chosen, 
the part played by the manufacturer re- 
mains, in practice, a very important one 
in connection with the definitive studies. 
The manufacturer will normally place a 
team of specialists at the disposal of his 
client and will ensure the training of his 
programming and operating personnel. 

It would, however, seem to be imprudent 
to entrust the whole of the studies to the 
manufacturer, or to a consulting engineer. 
The user alone is in a position to know 
all his requirements for information. 


* * & 
4.4. Study of the physical installation. 


Especially with electronic data processing 
machines of high capacity, it is necessary 
to emphasize the importance of studying 
the physical details of the installation and 
the commencement of operation. 

The study of the premises in which the 
electronic data processing machine is to be 
installed, together with such questions as 
power supply, air conditioning, etc., must 
be undertaken very soon after placing the 
order. It is, in fact, essential that all these 
installations should be ready before the 
electronic data processing machine is in- 
stalled, and the supply of certain parts of 
the ancillary equipment may take just as 
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long as that of the machine itself (at 
present, generally some 18 months to 
two years). 

The location of the installation is by 
no means immaterial. If an electronic 
data processing machine serving as a means 
of centralized management is usually in- 
stalled at headquarters, it may be advant- 
ageous to install it in a separate building 
in conditions of greater calm, provided that 
suitable communications are available, e.g. 
by means of teleprinters. 

Where, owing to the geographical struc- 
ture of the Administration, it would take 
too long for the information originating 
from the different points of the system to 
reach headquarters, the electronic data pro- 
cessing machine might be installed at the 
« centre of gravity » of the system and 
connected with headquarters by means of 
teleprinters. Such an arrangement is fre- 
quently encountered in American under- 
takings. 

If the structure of the Administration is 
decentralized and calls for the use of se- 
veral electronic data processing machines, 
or if the machines are to be used in accord- 
ance with functional principles, their sit- 
ing will normally be governed by the loca- 
tion of the headquarters of the departments 
for which they are destined. 

Finally, it is necessary to study the oper- 
ating problems well in advance: the co- 
operation of the operating staff, the organ- 
isation of the arrival and classification of 
data, the distribution and despatch of the 
results, the storage of the magnetic tapes 
containing the inventories (which may 
easily run into several thousands for an 
electronic data processing machine of high 


capacity), etc. 
* * * 
4.5. Recruitment and training of spe- 
cialized staff. 
It is unnecessary, for the investigation as 
well as for operation, to employ staff with 


specialized knowledge of the technology of 
electronic data processing machines. On 


the other hand: 


__ the staff entrusted with the preliminary 
studies must be well versed in the 
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« internal logics » of the different 
machines that may be used; 

— the staff entrusted with the definitive 
studies must have a perfect knowledge 
of the « program techniques » of the 
equipment chosen; 

— the staff entrusted with the operation 
of the machine must have acquired 


mastery in handling the machine. 


It follows that, particularly for electronic 
data processing machines of high capacity, 
the staff must be trained in several dif- 
ferent ways. 

This training can only be given by the 
manufacturers who organize courses for this 
purpose. Moreover, numerous Universities 
now include, in their lecture program, 
courses dealing with the principles and 
general applications of electronic data pro- 
cessing machines and scientific computers. 
These courses provide a useful introduc- 
tion for the staff called upon to direct 
these studies. 

Those Administrations which have al- 
ready had to face this problem state that 
they have selected the personnel from among 
their own establishment, particularly among 
the punch-card specialists and among organ- 
isation and methods experts. As far as 
possible, they have looked for young people 
and, among them, for a certain number of 
university graduates. In a few cases, some 
recruitment from outside has been neces- 
sary. 

In our opinion, although electronic data 
processing machines of medium capacity 
may be well served by staff having had 
a good training on conventional punch- 
card equipment, it would seem preferable 
to entrust the studies for electronic data 
processing machines of high capacity, destin- 
ed for centralized management control, to 
staff not already « steeped » in established 
mechanical recording methods. 

* * * 


4.6. In conclusion, it must be empha- 
sized that the importance, the complexity 
and the duration of the feasibility studies 
for an electronic data processing machine 
must not be underrated. 

Faulty organisation, or inadequate co- 
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ordination of the studies, might result in 
considerable delays. 

This is, as it were, the other side of 
the medal of the immense possibilities 


offered by 


electronic data processing 


machines and serves to emphasize the im- 
portance of endowing the leading officials 
with ample advance information. 


* * * 


CONCLUSIONS. 


Although none of the Administrations 
who were consulted for the compilation 
of the present report have, as yet, had any 
possibility of acquiring practical experience 
with the use of electronic data processing 
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— application of the « management 
by exception » method; 

— possibility of setting up a centrali- 
zed management organisation; 

— possibility of using the equipment 
for scientific calculations. 

The works that can most easily be car- 

ried out by electronic data processing 

machines and are therefore well suited 

as first-stage applications are those 

already dealt with by mechanical me- 

thods, particularly : 

— payrolls and Administration of act- 
ive and retired staff; 

— traffic statistics and traffic audits; 

— sundry statistics. 


machines, it would nevertheless seem pos- (5) The applications of electronic data pro- 
sible to draw the following provisional con- cessing machines in other spheres of 
clusions : management generally call for more 
(1) Electronic data processing machines are detailed studies and, in some cases, for 
well suited to deal with the kind of an intermediate stage of conventional 
problems encountered in railway man- punch-card recording. ‘They include, 
agement, and are able to bring about in particular : 
marked improvements, compared with — the control of supplies; 
the methods at present in use. — the control of the user of rolling 
(2) It is inherent in the very principle of stock; 
electronic data processing equipment — general accountancy; 
that its composition can be adapted — budgetary control; 
to the volume of work envisaged. — costing. 
(3) Compared with conventional punch- (6) The economic aspects of electronic data 


card systems, the electronic data proces- 
sing machines offer the following ad- 
vantages : 

— higher outputs and working speeds; 


Entree, carte 


(pecas) 
minute 


100 cartes 


minute 


carte 


Sortie 


emMoj emoire ultiplicateur Compteur Unite de 
ee Generate Quotient Electronique eis 
16 positions 16 positions 5 positions 13 positions de colonnes 


processing machines can be viewed 


from two different angles : 
— direct savings, compared with pre- 
sent methods; 


Capacité des canaux : 8 lignes, 1 seul transfert par étage de programme, 


Fig. 4. 

N. B. — Entrée carte (100 cartes minute) = card input (100 cards a minute), — Canal = channel. — 
Mémoire facteur, 16 positions — factor storage, 16 positions. — Mémoire générale, 16 posi- 
tions = general storage, 16 positions. — Multiplicateur quotient, 5 positions = multiplying 
quotient, 5 positions. — Compteur électronique, 13 positions = Electronic meter, 13 positions. 
— umnité de saut de colonnes = column skip unit. — Sortie carte (100 cartes minute) 
= _ card output (100 cards a minute). — Canal = channel. — Capacité des canaux 
8 lignes, 1 seul transfert par étage de programme = channel capacity: 8 lines, only 1 transfer 
per program step. 
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— indirect savings, resulting from a APPENDIX I. 
& es J paacrde ae ae Examples of the evolutionary chain 
The latter aspect, though more dif- leading up to electronic data proces- 
ficult to evaluate at the outset, is often sing machines. 
predominant. I. — International Business Machines 


(7) The success of the introduction of elec- 
tronic data processing machines de- ; : 
pends, to a very large extent, on a A. Equipment of medium capacity. 
sound organisation of the studies. A-1 : Type 604. Electronic Calculating 

Sa & Punch (layout diagram, fig. 4). 


Corporation. 


Entrée carte 
(200 cartes minute) 


codification 
1 

atrice de 

codification 
= 


Tambour magnetique 
20 000 positions 


Sortie carte 
(100 cartes - minute} 


Registre 


Programme 


Accumylateur 


i) D 


Sar : Registre Registre 
20 positions et Vsigne Wart 4 


2 positions 4 positions 


Fig. 5 
N. B. — Entrée carte (200 cartes-minute) = card input (200 cards a minute), — Matrice de 
codification = code conversion. — Matrice = matrix. — Tambour magnétique, 20000 posi- 
tions — magnetic drum, 20000 positions. — Sortie carte (100 cartes-minute) — card output 
(100 cards a minute). — Matrice de codification = code conversion. — Distributeur = distri- 
butor. — Registre programme = program register. — Accumulateur 9 - D = upper accu- 
mulator - lower accumulator. — 20 positions et 1 signe = 20 positions plus sign. — Registre 
opération, 2 positions = operation register, 2 positions. — Registre adresse, 4 positions = address 


register, 4 positions. 


This diagram can also be shown in the following form : 


pers 
Distributeur 


Entrée (1 poste) 


Commande 
Tambour Registre de fa 
Programme machine 


Sortie (1 poste) 


Fig. 6. 
N. B. — Entrée (1 poste) = input (1 unit), — Tambour = drum. — Distributeur —distributor. — 
Accumulateur = accumulator. — Registre programme = program register. — Commande de 


la machine = machine control. — Sortie (1 poste) = output (1 unit). 
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A-2: Type 650. Computer (layout dia- input and output devices whose potentia- 
gram, figs. 5 and 6). lities have been increased with a view to 


A-3 : Type 650. Computer with ma- tackling the specific features of administrat- 


} i I 
netic tapes (fig. 7). lve management contro 
‘ ce B-1 : Type 705. 


B. Equipment of high capacity. This machine is grouped in a 
These machines have been developed star-shaped layout around a central 

from the first assemblies of scientific com- arithmetical and logical unit. 

puters of Series 700. As already stated, The first models had a central 

this transformation has mainly affected the storage capacity of 20000 positions 


The following phase mainly consists in an increase in the number of input-output points. 


Lecture Lecture 


Accumuleteur 


re Registre 
programme 


a ferrites 


6 bandes magnetiques 727 


Perforatrice iol 


Tabulatrice 


Unite Centrale 
(pre figuration) 


Fig. 7. 

N. B. — Lecture = reader. — Mémoire a ferrites = ferrite coke memory. — Tambour = drum. — 
Distributeur = distributor. — Accumulateur — accumulator. — Registre programme = program 
register. — 6 bandes magnétiques 727 = 6 magnetic tapes 727. — Perforatrice = card punch. — 
Tabulatrice — tabulator. — Unité centrale (préfiguration) = central processing unit. 

Tambour 


magnetig 


Imprimante Unités 
35 bandes 
instructions tent pecan tates 
de phy Uae 
centrale 
Per forateur 
de cartes : 
: nateur 
pypitre 
= s aieie 
Unites bandes magnetiques 
Fig. 8. 

N. B. — Imprimante = printer. — Tambour magnétique = magnetic drum. — Coordinateur 
= control unit. — Unités bandes magnétiques = magnetic tape units. — Lecteur de cartes = 
card reader. — Unité centrale. — Central processing unit. — Perforateur de cartes = card 
punch. — Pupitre = desk. — Coordinateur — control unit. — Unités bandes magnétiques = 


magnetic tape units. 
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Synchroniseur Synchroniseur 


Unite 
centrale 
709 


Bunites de B unites de 
bondes magnetiques bandes megnetiques 
lecteur ta | Per forateur 
decartes de cartes 
Imprimante 
Fig. 9. 

N. B. — Synchroniseur = synchronizer. — Pupitre = desk. — Unité centrale 709 
= cenéral processing unit. — 8 unités de bandes magnétiques = 8 magnetic 
tape units. — Lecteur de cartes = card reader. — Imprimante = printer. — 
Perforateur de cartes = card punch. 


Canal donnée 


\ 


t a 
Ee 7 
o oS £ 
ES S 

a 
=e = 


resultat 


Compoarofeur 


général 
commande dy 
oe ramme interne 
e doptration 
3P fet a 
ordre debuf 
ordre Fin 
Filkrage, 
mémoire , decalage, 
BE Cia, 
Fig. 10. 

N. B. — Canal donnée = data channel. — Introduction = input. — Mémoire opérateur = oper- 
ating memory. — Mémoire 1 = memory 1. — Mémoire 2 = memory 2. — Mémoire 5 
= memory 3. — Mémoire 4 = memory 4. — Mémoire 7 = memory 7. — Canal résultat 
= results channel. — Extraction = output. — Comparateur général .= general comparing 
unit. — Commande du programme interne, type d’opération, adresse, ordre début, ordre fin, 
filtrage, mémoire, décalage, etc. = control of internal program, type of function, address, 


starting instruction, stopping instruction, filtering, storage, unlocking, etc. 
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Caleulateur proprement dit Canal donnee 
oO ee at eae ae Go wT on eS eo 
i] 
’ 
i] 
' 
’ 
i] 
i] 
' 
! 
' : See 
Validti 8 memoires : 8 mémoires 8 memoires 
' ppgeone en : Canal résultat 
‘ ' 

Fig. 11. 

N. B. — Calculateur proprement dit = computer proper. — Canal donnée = data channel. — Circuits 
de programmation = programme circuits. — Validation — validity check. — 8 mémoires = 8 memo- 
ries. — Canal résultat = results channel. 

(like the drum of the Type 650 ding operations between units 
Computer). using different functional codes. 
The star-shaped layout : This limitation is partially mitig- 
(a) precludes simultaneous operation ated by the tape control unit per- 
in the central unit, so that the mitting the simultaneous operation 
machine can only work conse- of several magnetic tape units which 
cutively; have the function of buffer stores 
(b) requires the provision of an and thus increase, to some extent, 
increasing number of control the capacity of the central processing 
units destined to ensure the co- unit (fig. 8). 
ey ree en ere ey A 
' 
1 
1 
' 
| 
64 pistes 4 piste = 8 Blocs 
4 bloc = 16 mots 
! 4 mot = 12 chiffres 
| 
i) 
J 


16 Memoires 46 Memoires 46 Memoires 


(16 mots ) 


Fig. 12 
N. B. — Calculateur proprement dit = computer proper. — 64 pistes = 64 tracks. — Tambour 
= drum.-— 1 piste: 8 blocs = 1 track: 8 blocks. — 1 bloc: 16 mots = 1 block: 16 words. — 
Demo: 12 chiffres = 1 word: 12 figures. — Canal donnée = data channel. — 16 mémoires (16 mots) 
= 16 mémories (16 words). — Circuit de programmation = programming circuits. — Validation C1 a C4 
= validity check. — Canal résultat = results channel. — Armoire extension tambour AET = drum 


extension cabinet. 
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B-2 : Type 709. The layout diagram of the Type 709 


G ter 1 in fi f 
In order to alleviate the difficulties Sup Micralisbawman, eure. 9 


outlined above, the Type 709 Com- 


puter offers : Ii. — Bull Company. 
A. Gamma 3 Standard Computer (fig. 10). 


B. Gamma 3 Mathematical Computer 
(fig. 11). 


(a) a very high capacity of the cen- 
tral processing unit, viz. 320 000 
positions; 


distributeur 


Canal 


Gas 


Distribut® 
programme 


raducteur 


Canal collecteur 


¢ Poste de validation sous la dependance du distributeur 


=. + oa << de programme et du registre des priorites, 
Fig. 13. 

NoSs Canal distributeur — distributing channel. — Mémoire rapide = high-speed memory. — 
Distributeur programme = program distributor. — Calculateur logique = logical computer. — Calcu- 
lateur automatique — automatic computer. — Comparateur génhéral = general comparing unit. — 
Traducteur = conversion unit, — Lecteur perforateur = reader punch, — Bandes = tapes. — Impri- 
mante = printer. — Canal collecteur = collecting channel. — Unité centrale proprement dite = central 
unit proper. — Poste de yalidation sous la dépendance du distributeur de programme et du registre 
des priorités = validity check under the control of the program distributor and priority register. 


(b) the devices known as « synchro- 
nizers which relieve the cen- 
tral processing unit of any 
input-output functions so that 
the synchronizers together with 
the input and output devices 
almost constitute sub-Com- 
puters « of their own. 


» 


« 


Moreover, with the possibility of carrying 
out the conversion of the different codes 
by means of programming, it has become 
possible to dispense with a great part of 
the control units used in the Type 705 
Computer. 

Working on the binary system, the 
machine is about ten times as fast as the 
705, and is equally well suited for account- 
ancy work and scientific calculations. 


The improvement consists essentially in 
an extension of the channels for data 
and results, which are connected to 
three supplementary blocks of eight stor- 
age units. Data reading and _ storing 
of results is done by means of punch- 
cards. 


Gamma Computer with magnetic tape 
(Ate): 


The input and output channels are con- 
nected with four blocks of 16 stores. 
By means of switches controlled from 
a control point in accordance with the 
program, these blocks can be connected 
either with the channels or with the 
drum (fig. 12). 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


17th. SESSION (MADRID, 1958). 


QUESTION 8. 


Financing and conserving railway properties and assets. 


Study and comparison for limited companies, partially state-owned com- 
panies and State Railways, of the financial means used for the normal 
renewal of installations and rolling stock. 


Forms of amortization and renewal, taking into account for the latter, 
the slow or speedy depreciation of the currency. 


REPORT 


(America (North and South), Australia (Commonwealth of), Austria, Burma, Ceylon, 
Egypt, India, Irak, Iran, Republic of Ireland, Japan, Malaysia, New Zealand, Norway, 
Pakistan, South Africa, Sudan, Sweden, Union of Soviet Socialist Republics, United 
Kingdom of Great Britain and Northern Ireland and dependent overseas territories), 


by V. FeLpER, Dipl. Eng., 


Ministerialrat, Finanzieller Direktor der Osterreichischen Bundesbahnen, Wien. 
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nistrations and the position they hold in 
the State. 
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invested capital and the accountancy 
methods used to represent this. 


IV. The conservation of the substance of the 
capital invested and the decrease in the 
purchasing power of money. 


V. Correlations between the notions of up- 
keep, renewal and extension of the rail- 
way installations. 


VI. The present condition of the railway 
installations and intentions regarding their 
modernisation in the near future. 


VII. Conclusions. 


I. General. 


The question included by the Inter- 
national Railway Congress Association in 
the agenda of the Madrid Congress is con- 
cerned with the financing of the invested 
capital of railways and the methods of 
conserving this capital. This question, 
which is of the greatest interest for any 
industrial undertaking, is of particular 
importance for Railway Administrations, 
for two reasons in particular. The first 
is that any mistaken decision in this field 
necessarily has the most unfortunate reper- 
cussions, because unlike other industrial 
and commercial undertakings, the railway 
has a great part of its capital invested 
in fixed assets. The second, due to the 
close interdependence in many countries 


726/20 


between the financial management of the 
railway and that of the State itself and to 
the adverse financial results, is the fact 
that the officials of the railway responsible 
run the risk of not always being able to 
supply in time the necessary means of 
conserving the substance of these invest- 
ments. The critical situation which results 
becomes the more grave as the general 
political, economic, and_ social considera- 
tions of the State prevent the railways 
from obtaining receipts which will balance 
the cost of its commitments. Unfortun- 
ately, an insidious loss of its substance 
will not only have the effect of compromis- 
ing its production capacity, but sooner or 
later will affect the safety of the traffic 
and thus the railway will lose its character 
of a safe economic instrument in the region 
it serves. 


The questionnaire relating to question 8 
was sent by the International Railway 
Congress Association to 35 Administrations 
(or Associations of Administrations) of 
the English speaking group. Of this 
number, 17 Administrations supplied the 
Reporter with a reply, 9 declared that 
they were unable to reply to the question- 
naire, most often on account of reductions 
in staff, and no replies were received from 
the remaining 9. 


The Reporter wishes to thank all those 
Administrations who sent him an answer. 
He is pleased to add that the length of 
some of the replies received shows the 
interest felt in the problem under discus- 
sion. 


Although the object of his report can- 
not be to give in a synoptical form all 
the replies received to the different points 
of the questionnaire, which in fact often 
did not lend themselves to such a step, 
the Reporter will include in the following 
report many interesting particularities 
taken from these replies. 


In the report, the names of the different 
Administrations have been replaced by the 
number given them in the following table : 
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Number. Railways. 


Austrian Federal Railways. 

Egyptian Republic Railways. 

British Railways. 

London Transport Executive. 

East African Railways and Harbours. 
Malayan Railway. 

New Zealand Government Railways. 
South African Railways and Harbours. 
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Ceylon Government Railways. 
10. Rhodesia Railways. 

11. Iranian State Railways. 

12. Coras Jompair Eireann. 

13. Japanese National Railways. 
14. Norwegian State Railways. 
15. Swedish State Railways. 


16. Nora-Bergslagen Railway for the Union 
of private Swedish Railways. 


17. Association of American Railroads. 


Il. The legal statutes of the Railway 
Administrations and the position 
they hold in the state. 


Administrations mentioned under Nos. 1, 
2,5, 6, 7, 8, 9,10; 11, 14; and 15 are State 
Railways, No. 16 and the railways grouped 
together under No. 17 are private Railway 
Companies, whilst Nos. 3, 4, 12 and 13 
can be described as public transport under- 
takings. 

In general, it can be stated that the 
structure of the railway undertakings of 
nearly every Continent has essentially the 
character of State Railways, whilst in the 
United States of America the railways are 
all private companies exclusively. 

As far as State Railways are concerned, 
the funds needed for capital investments 
are provided by the State through its 
budget, or else they are authorised by the 
State to raise loans. In the first case, the 
State obtains the necessary funds either 
from its ordinary receipts, or also by rais- 
ing loans, which are made either in the 
form of a special railway loan, or a general 
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State loan without special attribution of 
the amount raised. 


In the case where funds are raised by 
loans, most of the State Railway Admin- 
istrations are not generally responsible for 
the interest and sinking fund charges on 
the capital. Sometimes, however, the Rail- 
way Administration is responsible for the 
interest, but not the sinking fund charges. 
Only the Malayan Railway and the Ceylon 
Government Railways are responsible for 
both interest and sinking fund charges. 


As regards the autonomy of the railway 
budget, this appears to be most endangered 
when the undertaking is a State railway. 
In the case of the Austrian Federal Rail- 
ways, New Zealand Government Railways, 
Ceylon Government Railways and Nor- 
wegian Railways, the railway budget is 
part of the State budget. In the case of 
the Rhodesia Railways, this is only true 
of the investment budget, whereas the 
operating budget is drawn up indepen- 
dently of the State budget. On the East 
African Railways and Harbours, Malayan 
Railways, South African Railways and 
Harbours, Iranian State Railways, Japanese 
National Railways and Swedish State Rail- 
ways, the railway budget is in fact auto- 
nomous, but it is subject to parliamentary 
authorisation like the State budget. Only 
the Egyptian Republic Railways, London 
Transport Executive, Coras Iompair Eire- 
ann, Nora-Bergslagen Railways and Asso- 
ciation of American Railroads prepare 
their own budgets, quite independently of 
the State budget. 


In this connection, it may be of interest 
to quote some extracts from the statements 
made by the Railway Administrations : 


Austrian Federal Railways. 


As regards the organisation, the General 
Management of the Austrian Federal Rail- 
ways is incorporated with the Federal 
Ministry of Communications and Electri- 
city, and as part of this Ministry, func- 
tions as the higher railway authority 
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through the intermediary of specially 
appointed officials. 

Capital is made available by the State 
to the Austrian Federal Railways by means 
of the national budget. ‘The raising of 
loans, the conclusion of loan contracts, and 
other methods of obtaining credit are 
reserved to the State which in this connec- 
tion acts in accordance with the authorisa- 
tion to the extent allowed in the national 
budget. 


Egyptian Republic Railways. 


Since October 1956, the Egyptian Rail- 
ways are an independent concern, having 
their own budget independent of that of 
the State. They are a public utility belong- 
ing to the Government and run by the 
Government. ‘Their capital is completely 
State owned. 


British Railways. 


The British Railways belong to the 
« British Transport Commission » which 
is a public authority. The capital is 
supplied by the issue of British ‘Transport 
Stock, the principal and interest on which 
is guaranteed by the Treasury. 

The Commission’s power to borrow for 
capital purpose is limited to the sum of 
£ 600 million, in addition to the compensa- 
tion paid for the undertakings owned by 
the Commission by virtue of the Transport 
Law of 1947 or acquired by it. 

According to the Transport Law of 1947, 
the Minister of ‘Transport and Civil Avia- 
tion appoints the members of the British 
Transport Commission and London ‘T’rans- 
port Executive. The reorganisation and 
improvement programmes which involve 
considerable capital expenditure are drawn 
up by the British ‘Transport Commission, 
according to directives which must receive 
the approval of the Minister. 


East African Railways and Harbours. 


The Railway Administration is a Cor- 
poration sole by name of the Commissioner 
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for Transport, dependent on the General 
Management of the High Commission, 
consisting of the Governors of Kenya, 
Uganda and Tanganyika, as well as the 
East African Central Legislative Assembly. 
The Commissioner for Transport is assisted 
by a Transport Advisory Council represent- 
ing territorial interests. 


The financing of capital investments is 
by means of public loans, guaranteed by 
the Governments of Kenya, Uganda and 
Tanganyika, as well as by contributions 
from the receipts through Betterment 
Funds. 


Malayan Railway. 


The Malayan Railway comes under the 
competency of the Minister of ‘Trans- 
port and is run by a General Manager 
assisted by a Railway Board nominated by 
the Government and acting as a Advisory 
body. In certain special cases, amongst 
others, questions concerning the financial 
management, the General Manager is legally 
bound to apply to the Railway Board. 


The railway budget, which is self-con- 
tained, is submitted for authorisation to 
the Federal Legislative Council. 


New Zealand Government Railways. 


The New Zealand Railway Administra- 
tion is a Ministry of the State which is 
responsible for the operating under a 
Government Railways Act. The manage- 
ment is in the hands of the Minister of 
Railways. The funds for operating 
expenses, renewals and extensions are made 
available by the State budget adopted by 
Parliament. 


South African Railways and Harbours. 


A General Manager is responsible for 
the railways under the control of the 
Minister of State assisted by a Railway 
Board. Parliament has to authorise the 
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railway budget, which is drawn up separ- 
ately from the State budget. 

The capital made available to the rail- 
way by the Treasury of the Union, which 
has not been paid back by the railways, 
comes from loans raised by the ‘Treasury 
on the open market. 


Ceylon Government Railway. 


All the capital is supplied by the State 
and comes from loans at 3% %; it is 
repaid to the State by the railway admin- 
istration at intervals corresponding to the 
useful life of the installations acquired 
through these funds, classified according 
to the main groups of installations (in 
general 25 to 60 years). 


Rhodesia Railways. 


The Rhodesia Railways have come from 
the « Rhodesia Railways Ltd » taken 
over by the State in 1949. The Higher 
Authority as represented by the Minister 
of Communications and Constructions lays 
down the railway policy and nominates 
the members of the Administrative Council 
(Board of Directors) and the General 
Manager. The loan capital of the railway 
is obtained by the Federal Government of 
Rhodesia and Nyasaland. 


With the approval of the Higher Autho- 
rity, the Administrative Council can obtain 
funds by the issue of debentures or other 
suitable means, for certain purposes 
enumerated in the railways law, amongst 
others for the financing of investments 
representing an increase in assets. 


The annual operating budget is sub- 
mitted for the approval of the govern- 
ment, as well as the capital increase bud- 
get, which is drawn up for three years, 
and in future will be drawn up for 
4 years. 


Tranian State Railways. 


The capital is entirely supplied by the 
Government. The influence of the 
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Government on the railway is regulated by 
law. The railway budget is prepared by 
the Administration, approved by a Super- 
visory Board (consisting of representatives 
of the Ministry of Roads and Communica- 
tions, the Ministry of Finance and the 
State General Control Dept. of Accounts) 
and passed by the Council of Ministers. 


Coras Iompair Eireann. 


The Administration of the Irish Rail- 
ways is a part of the organisation set up 
for the country as a whole to carry out 
transport by rail, road and canal. It 
is a public transport undertaking created 
by the State. Neither the latter, nor any 
other public authority share in the capital. 
The State, however, guarantees the interest 
and capital repayment in the case of funds 
borrowed by the Company in the form of 
« dated Transport Stocks ». It is not 
incorrect, therefore, to attribute to this 
undertaking to some extent the character 
of State railway, although it is not con- 
trolled by a Ministry. 


The management and control of the 
Company are in the hands of a Manage- 
ment Committee nominated by the State. 


Every year, the details of the operating 
account and capital account for renewals 
and new acquisitions are submitted for 
information to the State (Minister of 
Industry and Commerce). 


Japanese National Railways. 


The railways, which were operated by 
the State up to the end of 1949, have 
since then become a public corporation, 
the whole of the capital being supplied 
by the State. The Government or the 
Diet according to the law only intervenes 
in particularly important matters, such as 
the nomination or dismissal of Board 
members and decisions to be taken regard- 
ing the railway budget, which is submitted 
for approval to the Diet together with the 
Government budget. 


Afi 
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Norwegian State Railways. 


The Norwegian State Railways are an 
undertaking to be run according to gener- 
ally accepted business rules. ‘This under- 
taking is subject to government control, 
exercised by the Ministry of ‘Transport; 
however the Administration considers that 
this control should be relaxed and _ it 
should be given a greater independence for 
its tariffs, decisions in connection with the 
operating, and as regards the staff. 


The budget, which is drawn up by the 
company and checked by the Ministries 
of Transport and Finance, is presented to 
the Transport Commission of the National 
Assembly and passed by this Assembly on 
the recommendations of the Commission. 


The capital required to construct new 
lines and to improve and restore existing 
lines is allocated each year to the State 
Railway Administration by the National 
Assembly from the public funds. 


Swedish State Railways. 


All the capital required is made avail- 
able to the State Railway Administration 
by the Government. Decisions on railway 
legislation, passenger and goods tariffs, as 
well as the proposed annual budget, 
amongst other things, are the prerogative 
of the King through the Royal Council. 
The budget proposals are divided up into 
the general operating budget, the staff 
budget, and the capital investment budget. 


Nora-Bergslagen Railway. 


The « Nora Bergslags Jarnvags Aktie- 
bolag » is a Joint Stock Company, in 
which neither the State nor any other 
public organisation have any part. ‘The 
budget is drawn up independently, the 
State merely fixing the maximum tariffs 
for the transport of freight and passengers, 
and controlling the technical equipment. 
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Association of American Railroads. 


In the United States, the State does not 
share in the capital of the private railway 
companies belonging to the Association of 
American Railroads. 

Although the State exerts no direct 
influence upon the management of the 
railways belonging to the Association, it 
has an influence, through the intermediary 
of the Interstate Commerce Commission on 
the remuneration of service allowances and 
other questions in correlation with the 
railway operation. 


Ill. The conservation of the substance 
of the capital invested and the 


accountancy methods used to. re- 
present this. 
All the Administrations who replied 


were unanimously of the opinion that the 
conservation of the value of the assets 
should be assured by the operating or 
profit and loss account. Unfortunately, 
the questions asked concerning the amount 
of maintenance and repair costs, as well 
as the amount of the sinking fund costs 
and the real cost of renewing the instal- 
lations, which would have given a clearer 
idea of the particularities on the different 
Administrations in this connection, were 
not fully answered by many of the rail- 
way Administrations. The information 
received by the Reporter is therefore 
insufficient to enable him to make any 
comparisons. ‘Though this is unfortunate, 
it must be recognised on the other hand 
that a comparison of the absolute values, 
particularly in the field of finance and 
accountancy, is only of limited value, as 
even if the principles applied by the 
different Administrations were identical or 
similar, there would still remain numerous 
differences in the methods followed in 
practice and in the method of accountancy. 
The elimination of all such differences 
would have involved considerable _ pre- 
liminary research work which would have 
considerably exceeded the framework of 
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our questionnaire. In any case, the replies 
received show that the expenditure in 
connection with the maintenance and 
renewal (amortization) of the railway 
installations in the case of the 6 Admin- 
istrations, who supplied figures on this 
point, represent 35 to 50 % of the total 
operating costs, which clearly shows the 
considerable importance of the conserva- 
tion of assets. 


In this connection, the Reporter asks 
those Administrations who gave detailed 
information concerning the amount and 
distribution of the capital invested as well 
as of the costs and expenditure on conserv- 
ing and renewing such investments, to 
excuse him for not being able to include 
all this data in the present report, for 
the reasons stated above. 


Railway Administrations, like other 
industrial undertakings, have met the 
obligation to conserve the substance of 
their capital investments by replacing 
those which had become unsuitable for 
production by others. This material and 
technical necessity involves obtaining and 
using financial measures; this can be done 
in two different ways. 


The oldest of the two methods, which 
has been given up long ago by industrial 
undertakings, is still used by many Rail- 
way Administrations, especially those having 
the character of a State railway on which 
there is a close interdependence between 
the railway budget and the State budget. 
This consists in including in the budget 
and the direct accounts the cost of renewal 
debited to the operating account. With 
this method, a reduction in value due to 
insufficient renewals, is not shown in the 
balance sheet. 


The modern method, the result of eco- 
nomic reasoning, and probably used in 
industry generally, consists in debiting the 
operating account with the total of the 
sinking fund charges corresponding to the 
depreciation, and to put the opposite entry 
in the capital account, or, in the case of 
indirect depreciation, in a _ regulating 
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account. With this method, the cost of 
renewing and extending the installations 
comes into the capital account. 


A similar effect is obtained by having a 
renewal fund which is allocated each year, 
according to the operating account pro- 
ducts, sums corresponding to the deprecia- 
tion of the installations. The actual cost 
of renewals are not credited to the capital 
account, but debited to the renewal fund. 


Some Railway Administrations employ 
both methods, viz. debit the operating 
account with the actual cost of renewals 
for the installations as a whole, in parti- 
cular to the infrastructure, permanent way, 
catenary, etc. and use the depreciation 
method for isolated installations dealt 
with individually. 

There is no doubt that the depreciation 
method has the advantage of being more 
in conformity with modern industrial 
accountancy and of correctly keeping track 
of the capital, which is of considerable 
interest as regards the problem of the 
conservation of the assets, a matter of 
particular importance for railway under- 
takings in which the capital fixed invest- 
ment is considerable. It must not be 
forgotten, however, that all methods of 
accountancy presuppose the existence of 
the financial means to acquire replace- 
ment installations. 


If the receipts are insufficient to cover 
the cost of renewals debited to the operat- 
ing account, and if no provision is made 
to meet an eventual deficit, for example in 
the general state budget, the first method 
will lead to cutting down on the renewal 
programme which is often unjustifiable 
economically and technically. On the 
other hand, the depreciation method does 
not in general allow of such an arbitrary 
cutting down of the operating costs and is 
more likely to lead to the consequences of 
the deficit thereby occurred being felt 
sooner. 


The taking over of an operating deficit 
by the State is nearly always preceded by 
some cutting down, especially in the funds 
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needed for renewals, which in the end may 
result in a dangerous position as regards 
capacity of production and safety of opera- 
tion. The danger of such a loss of sub- 
stance is not diminished by the fact that 
for a certain period it is barely visible 
below the surface as it were, and only 
perceptible to the expert responsible for 
the management. The situation, however, 
becomes absolutely insupportable when 
the Railway Administration has to bear 
burdens other than its own to the profit 
of other economic and administrative sec- 
tions of the country, and is forbidden for 
reasons concerning the general political 
economy and the wages and prices policy 
to introduce profitable passenger and 
freight tariffs. It is one of the essential 
duties of statesmen and economists who 
are conscious of their responsibilities, to 
break — the sooner the better —“ this 
vicious circle and thus establish the pre- 
liminary conditions for a healthy financial 
and economic policy for the railways and 
a reasonable co-ordination of all the trans- 
port undertakings. In connection with 
this subject, we would refer to the funda- 
mental and very promising works of the 
International Railway Union and_ the 
Conference of the European Ministers of 
‘Transport. 

The repercussions of a reduction in pur- 
chasing power on renewals and deprecia- 
tion will be dealt with in Chapter V. 

The calculation of the depreciation 
sums is generally carried out on the linear 
method, taking as basis the initial pur- 
chase prices, and sometimes in the case 
of reduced purchasing power, the replace- 
ment costs, as well as the useful life of 
the different installations. 

In the case of the few Administrations. 
who communicated the depreciation rates 
as a function of the useful life as used in 
their accounts and their calculations of 
costs, or as obtained from their other than 
accountancy studies of theoretical renewal 
requirements, divided up according to the 
groups of installations, we give below the 
limiting percentages used : 
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Group of installations 


Fixed installations : 


Brig gesiaewaanes 

Buildings (stations) . 

Tunnels . 

Water and coal supply installations 
Permanent way superstructure . 
Safety installations . 
Telecommunication installations 
Catenaries . 

Shop buildings . 

Other shop installations | 


Rolling stock : 


Steam locomotives . 
Electric locomotives. 
Diesel locomotives . 
Coaches . 

Wagons . 

Railcars . 

Lorries 


Together with the financing of the 
renewals of railway installations, it was also 
asked what depreciation rates were applied 
by industrial undertakings in the country 
for industrial installations comparable with 
those of the railway and approved by the 
fiscal authorities. There were very few 
replies to this question, perhaps because 
most railway installations are special instal- 
lations adapted to their purpose, so that it 
is hard to find anything similar in ordinary 
industrial undertakings. In general, how- 
ever, it can be stated that there are no 
special differences between industrial and 
railway undertakings, although there is a 
tendency for shorter depreciation periods 
in industrial undertakings than in Rail- 
way Administrations. 


This tendency may be due in part to 
the fact that the depreciation is only 
authorised fiscally for the nominal account- 
ancy value; it will be wiped out in those 
countries where, on account of a great 
reduction in the purchasing power, a 
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Amortization rate as % of 
capital investment. 
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revaluation of the installations is allowed 
by law in the balance sheets, one single 
such revaluation being allowed. The need 
to catch up with the accumulated delays 
in renewals on _ several Administrations, 
and to follow technical progress, in the 
opinion of the reporter show that it is 
advisable to reduce rather than prolong 
the useful life on which the depreciation 
periods are based. 


As regards the methods applied by the 
Railway Administrations and their special 
features, we give below a few extracts from 
the replies received : 


Austrian Federal Railways. 


The political events of 1938, the second 
world war from 1939 to 1945, and the 
ten years which followed, and the pro- 
perty rights both in the case of private 
and State property which were often badly 
settled until the drawing up of the Aus- 
trian treaty in 1955, prevented or at least 
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advised against any detailed research into 
the property of the Austrian Federal Rail- 
ways. The management of these railways 
could not therefore be based upon a per- 
tinent estimate of the capital invested, and 
the Administration was obliged to deter- 
mine the value of renewals haphazardly 
from the 1937 balance sheet, using different 
evaluations and price indices. This work 
was rendered doubly difficult by the enorm- 
ous destruction of precious documents dur- 
ing the end part of the war. The expen- 
diture required for renewals intended to 
conserve railway property have to date 
been directly debited to the operating 
account, without, for the reasons given 
above, it being possible to supply any 
concrete proof from accountancy docu- 
ments that the conservation of the assets 
was not being carried out as would have 
been wished and that delays in renewals 
were accumulating. At the present time, 
the relisting and re-evaluation of the 
installations is being carried out, and the 
Administration of the Federal Railways 
proposes to introduce accountancy methods 
based on the modern principles of indus- 
trial economy. 


Egyptian Republic Railways. 


The railway installations, which are con- 
sidered to be the most important as 
regards conservation and renewal are the 
rolling stock and the superstructure of the 
permanent way. Too prolonged use of 
such installations may be the cause of 
accidents and this situation involves there- 
fore high maintenance costs. The Egyp- 
tian Railways have drawn up a fixed 
renewal programme. 

The systematic carrying out of this pro- 
gramme has been hindered to date by a 
shortage of material and industrial means, 
the absence of correctly calculated depre- 
ciation rates, as well as import difficulties 
during the two world wars and even long 
afterwards. As a result, there have been 
arrears in renewals, for the elimination of 
which special funds have had to be allo- 
cated from the State budget. 
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Before October 1956, the funds for car- 
rying out the annual renewal programme 
were taken from the railway budget, which 
was then incorporated in the State budget, 
and were not financed by sinking funds. 


In certain special cases, loans were made 
from Government pension and insurance 
funds or from the funds of the Ministry 
of Finance to cover operating deficits on 
the railway. 


British Railways. 


Whilst the accountancy value of the 
capital investment of the British Railways 
amounts to some f£ 1600 million, the 
renewal costs are estimated to be some 
£5000 million. 


The accumulated depreciation was eva- 
luated for the last time on the Ist Janu- 
ary 1948, taking into account the age of 
the installations, as well as a reserve for 
the technical ageing of much of them. 


It was not possible to give a relative 


idea of the sum of the accumulated 
depreciation, taking into account the 
replacement value of the installations, 


viz. £ 5000 million. 


The credits from the residual values 
are credited to a special annual reserve 
fund. 


Whilst the British Railways make use 
of the depreciation method, especially for 
the rolling stock and the railway plants 
and equipment, no amortization is allowed 
for the lands, buildings, permanent way 
and other constructions; the resulting loss 
in assets is compensated by the renewals 
carried out which are debited to the receipts 
account. 


The Transport Act of 1947 laid down 
expressly that: « the British ‘Transport 
Commission is bound to charge to Revenue 
every year proper provision for deprecia- 
tion or renewal of the installations... ». 


If the profit is sufficient to allow of a 
reserve fund to be set up, it is intended 
to set these funds aside for amortization 
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likewise, to cover the additional cost of 
replacing the installations. 


London Transport Executive. 


The London Transport Executive, which 
forms part of the British Transport Com- 
mission, is not a purely railway undertak- 
ing, as it also operates very considerable 
road _ services. 

As regards the railway installations, the 
depreciation and renewal principles are 
identical with those reported above for 
the British Transport Commission. 


East African Railways and Harbours. 


The capital investments are shown 
amongst the assets in the case of the initial 
cost of acquisition. ‘The sums allocated 
to renewal of the installations should cover 
the actual cost for the equivalent replace- 
ment of wasting assets. The net sums, 
which are not used and accumulated, are 
collected in the renewal fund shown on the 
balance sheet. 


Whereas at the end of 1956, the actual 
expenditure on installations liable to wear 
amounted to some f£ 64 million, the cost 
of replacing such installations was estimat- 
ed to be about £ 141 million. 


The renewal funds are checked every ten 
years, and also in the meantime should 
the market prices rise. If this investigation 
shows that the endowment from _ the 
receipts is insufficient, this is revised. 
The deficiency for the previous years is 
made up from special contributions, accord- 
ing to the financial possibilities, from a 
Net Revenue Appropriation Account. 


It can be stated that the contributions 
from the renewal funds are determined 
according to the corresponding replace- 
ment costs, and the average agreed useful 
life. In this contribution of the renewal 
fund, no account is taken of the residual 
value (proceeds of sale) of replaced instal- 
lations because, if necessary, such pro- 
ceeds are credited to the net receipts. The 
contribution of the renewal fund is assured 
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even if there is an operating deficit, this 
deficit being carried forward to succeeding 
years till it is wiped out. 


Malayan Railway. 


This Administration also includes the 
capital investment in the assets at the 
initial value. The actual cost of replace- 
ment would be nearly four times as great. 


The annual allocation for the renewal 
funds is determined by the linear method, 
taking into account the estimated useful 
economic life and the cost of renewal. 
This renewal fund is used to finance 
equivalent replacements, whereas the plus- 
value factor of new capital investments is 
financed by the capital. 


New Zealand Government Railways. 


The investment capital is included 
amongst the assets as far as the initial 
first cost or purchase price is concerned. 
No revaluation owing to the devaluation 
of the currency has yet been made. It can 
be taken that the actual cost of replace- 
ment would be two to three times greater 
than the sum entered in the 1956 balance 
sheet. 


In general, all the installations, with the 
exception of the permanent way super- 
structure, are the subject of depreciation. 
The expenditure required for renewing 
the permanent way is entered directly in 
the operating account. In addition, an 
equalization fund has been set up to 
supply the necessary funds during periods 
when particularly extensive renewals of the 
permanent way have to be carried out, 
thus avoiding considerable fluctuations in 
the annual operating accounts. 


The New Zealand Government Railways 
appended to their replies to the question- 
naire a historical report on the problem 
of depreciation and renewals, as well as 
the way this is dealt with in the accounts, 
extracts of which we give below on account 
of their interest : 
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« Before 1925, the Railway Administra- 
tion had no proper financial system; all 
the receipts and expenditure were entered 
in the State account. No reserve funds of 
any kind were provided, and in general 
the important installations acquired were 
entered as operating expenditure. Instal- 
lations that were abandoned and _ not 
replaced were not written off. Since 1925, 
separate railway accounts have been kept 
in the State accounts, but this solution has 
not been satisfactory if only on account of 
the different charges imposed. In 1931, a 
revision of the assets and liabilities was 
carried out, and the necessary sinking 
funds and reserve funds were given priority 
over the payment of interest to the State. » 


The depreciation rates for the buildings 
and bridges are based on their useful life 
which is determined much more by natural 
conditions than wear and consumption in 
service. In the case of the rolling stock, 
both wear and consumption are taken 
into account, as well as ageing in order 
to determine the useful life. 


The depreciations are calculated accord- 
ing to the revaluations of 1931, and in 
the case of installations acquired since 
that date, according to their purchase price 
or cost. 


Whereas for most of the installations the 
straight line method of percentages calcul- 
ated from the cost and useful life is applied, 
in the case of the shops, houses and build- 
ings, in particular, the operating account 
is debited according to the method of the 
amortization table, taking the interest into 
account as well. 


South African Railways and Harbours. 


The replacement of installations sus- 
ceptible to wear is financed by a renewal 
fund the object of which is to assure a 
uniform distribution of expenditure under 
this heading over the different years. 
Although in principle the sums inscribed 
in the depreciation funds should only be 
used for the replacement of existing instal- 
lations, it is the practice, especially in the 
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case of rolling stock and repair shop equip- 
ment, to use these funds also to buy addi- 
tional equipment. The fund is fed by 
annual contributions from the _ receipts, 
taking into account the acquisition costs of 
the installations and their estimated useful 
life. Payments made from the funds are 
equivalent to the whole cost of renewal, 
when the new installations are of the same 
type and size as the old ones they are 
replacing, even if the new installations cost 
more than the old ones did. 


In the case of non-equivalent replace- 
ments, with definite improvements over 
the old installations, the additional cost is 
debited to the capital account. As regards 
permanent way materials, the plus value 
is not calculated from the additional cost, 
but on the basis of the increase in weight 
of these materials. 


This exceptional financing mentioned 
above of the additional installations from 
the endowment of the funds is explained 
by the fiction that such additional installa- 
tions make up for the depreciation in the 
installations still in service, so that as a 
result the average age of the whole of the 
installations of this group remain un- 
altered. 


When installations are removed or taken 
out of service in any way and are not 
replaced, the value of acquiring these 
installations is credited to the capital 
account by the transfer of the amount 
from the contributions used for this pur- 
pose from the renewal fund, and the dif- 
ference is wiped out by debiting the 
operating account. 


The contribution of the renewal funds is 
shown in the annual accounts, whether 
the results for the year show a profit or 
deficit. 


Ceylon Government Railways. 


The funds needed for replacing instal- 
lations are made available by the State 
under the same conditions as those required 
for the initial purchase of such installa- 
tions (cf. page 728/22). Normally, the loan 


736/30 


originally obtained for such purchases 
must be repaid when the estimated instal- 
lation life has been reached. 


Rhodesia Railways. 


The capital invested shown in the assests 
on the balance sheet represents the real 
cost of manufacture or purchase at the 
time of such manufacture or purchase. 


It was not possible to state what is the 
present renewal value of this installation 
compared with the value shown in the 
balance sheet. 


The Rhodesian law on the railways 
stipulates that the sums given under the 
heading of railway receipts for each year 
should be used to cover the necessary 
expenditure on amongst others main- 
tenance, renewal and depreciation, and 
in addition if during any year the rail- 
way receipts are insufficient to cover the 
above expenditure, the difference should 
be covered from funds from the stabilisa- 
tion of prices and wages account. If the 
funds available in this fund are insuffi- 
cient in their turn, to cover the whole of 
the difference, the Government will regul- 
ate the balance of this difference. 


The amount of the Depreciation and 
Renewals Account represents the accu- 
mulated depreciations of the installations 
on basis of the estimated useful life. 
From 1957, it is proposed to divide this 
account up into a depreciation account for 
Unit-Assets and a renewal account for 
Group-Assets, such as the permanent way 
for example, to act — as a equalisation — 
account for the actual renewals of these 
Group-Assets. 


To the first category (Unit-Assets) 
belong such things, for example, as the 
rolling stock, lorries, workshops and 
machine shop installations, buildings, etc. 


Amongst the Group-Assets are amongts 
others the superstructure of the permanent 
way, tunnels, bridges, telecommunication 
installations, signalling installations, and 
the fences alongside the lines. 
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Whilst, consequently, there is no amor- 
tization of the value of groups of instal- 
lations and the stability of their value is 
obtained from renewals carried out and 
debited to the operating account — if 
needs be through the intervention of a 
compensation account spreading the cost 
over several years — the annual sums to 
be allocated for the depreciation of isolated 
installations are checked and if necessary 
corrected every 5 years, to make sure the 
bases taken for the accounts agree with 
the economic evolution. 


Iranian State Railways. 


To finance the cost of renewals, the 
necessary amounts are provided for in the 
operating budget and reserved at the end 
of the year in the « Sinking Fund Reserve >. 
The Government meets any railway deficit 
from the general State receipts, if renewal 
costs cannot be met from the operating 
receipts. The endowments of this fund 
are considered to be obligatory. 


Coras Iompair Eireann. 


The value of the capital invested as 
shown in the balance sheet of the Irish 
railways does not correspond to the present 
cost of renewals. It represents the initial 
cost of acquisition, both in the case of the 
original installations and the replacement 
installations which took their place, less 
the depreciation. It was not possible to 
give any estimate of the difference between 
this accountancy value and the cost of 
renewal. 


The depreciation provisions, which are 
considered binding, are not allowed to 
accumulate but are debited to the operating 
account and credited to the capital account. 
In the case of the running lines installa- 
tions, the amount of depreciations is fixed 
according to the average annual cost of 
renewal at the present time. 


There are special regulations concerning 
the steam locomotives, the accountancy 
value of which is amortized over ten years. 
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Actual renewals are carried out every 
year, more or less to the extent indicated 
in the estimates, so that there are only 
insignificant differences compared with the 
theoretical figures. 


Japanese National Railways. 


There is no agreement between the 
legal public undertaking which runs the 
Japanese railways and the State or other 
public bodies as regards renewals which 
cannot be met from operating receipts. 
In cases of this sort, the renewals are 
either put off till a later date or their 
cost is met by a loan. If such a situation 
continues, it will inevitably lead to an 
increase in the passenger and freight 
tariffs. 


The considerable inflation from which 
Japan suffered after the second world war, 
and the stabilisation of the national eco- 
nomy since that date, have led to a new 
evaluation of the capital invested, dated 
the Ist April 1955. As will be seen further 
on, the purchasing power of the yen has 
fallen during the last few years to less than 
3 °/,, of its 1935 value, which corresponds 
to an increase in costs since that date of 
about 370 times. 


In 1955, at the same time as the cost 
of renewal was brought into the assets, 
the adjusted value determined as a func- 
tion of this replacement cost and the pro- 
portion of the estimated useful life that 
had already passed by the linear method 
of amortization was debited. 


Whilst for most of the installations, the 
depreciation method is used, the permanent 
way and catenary, for example, are includ- 
ed in particular in the balance sheet at 
their cost price (or renewal price) without 
any modification, and any replacement of 
such installations that is necessary is car- 
ried out and debited to the operating 
account. Whereas in the past the annual 
renewal costs owing to the inadequacy of 
the passenger and freight tariffs could 
often not compensate for the loss of 
substance, it is hoped that the recent 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


737/31 


increase in these tariffs will make it pos- 
sible to satisfy this need — after renewal 
arrears have been caught up with. 


Although, no legal obligation obliges the 
company to include the whole of its 
depreciation in its annual accounts, it is 
its rule to do this without taking into 
account any possible deficit. 


The serious devaluation of the Japanese 
currency, which was particularly rapid 
after the last war, led, even before the 
revaluation of the Ist April 1955 to 
include in the funds in the balance sheet 
besides the depreciation amount based on 
the purchase prices, which had become 
absolutely inadequate, a special supple- 
mentary item for replacement purchases, 
and on the debit side, additional renewal 
funds. As means were lacking to assure 
the practical efficiency of this measure, 
owing to the insufficiency of the pas- 
senger and freight tariffs, this intermediate 
solution proved unsatisfactory. | Amor- 
tization has therefore been used since the 
1955/56 financial year based on the new 
valuations. Since this date, there have 
only been insignificant variations in prices. 


Norwegian State Railways. 


The Norwegian State Railways stressed 
in their reply that the problems dealt with 
in the questionnaire sent to them were 
the subject of a thorough study by their 
Administration during the last few years. 

Contrarily to the general interpretation 
of the questionnaire, it is stressed that 
the Railway Administration understands by 
renewal solely those replacements which 
do not lead to any improvement in the 
installations as a result of technical pro- 
gress. In the case of such improvements, 
new capital should be invested. In other 
words, the sole object of renewal is to 
maintain the original operating capacity. 
Increases in this capacity as well as 
improvement in the output, are a ques- 
tion of new investments. 

In the opinion of the Administration, 
it is not the old purchase prices which 
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should be taken as basis in calculating the 
annual depreciation, but the present real 
replacement values. It is only by adopting 
this principle that the object of the renewal 
policy will be attained, viz. maintaining 
the original investment value. In_ the 
budget proposals presented to the Ministry 
of Transport, the amounts asked for 
replacements correspond therefore to the 
total depreciation in every case. However, 
the sums generally approved for renewals 
are in general very much lower. 

The fact that during these last decades 
insufficient attention has been paid to 
the diminishing purchasing power in fixing 
the annual renewal funds — due in 
particular to the state of the national 
finances — has led to an accumulation of 
serious arrears in renewals. ‘The correct- 
ing of this very unsatifactory state of 
affairs is one of the main financial prob- 
lems with which the administration is 
faced. 

Whilst awaiting the successful outcome 
of its claim to receive the full amounts 
required for renewal according to the 
depreciations calculated on the _ replace- 
ment values, the Railway Administration 
has considered it necessary to keep a 
permanent check on evolution in _ this 
field. It has therefore instituted a special 
records file with perforated cards which 
give (for the different groups of real 
values liable to wear) details concerning : 
the initial purchase price, the actual 
replacement value, the age, the normal 
useful life, the annual and accumulated 
depreciation, etc. 

This file however is only one part of 
the official records. ‘The sums entered on 
the perforated cards are adjusted each 
year. ‘The corrections due to fluctuations 
in prices are made by means of special 
indices which show the variation of the 
cost price for the different installations, etc. 


Swedish State Railways. 


Since 1912, the Swedish State Railways 
have made an annual depreciation of 
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objects to which an unvarying value could 
not be attributed. The depreciation has 
been calculated according to the initial 
acquisition cost of the installations and 
their estimated life. 


From 1937 to 1945, supplementary 
depreciations have been made every year, 
owing to the increase in prices and in- 
creased wear due to the greater traffic 
during these years. In the following years, 
this kind of depreciation was not autho- 
rised, so that the deprecitations allowed 
for have become more and more insuffi- 
cient. 


The new adjustment of the method of 
depreciation on the basis of the replace- 
ment values applied for the first time 
during the financial year 1951/52 increased 
the depreciation charges from 62 million 
crowns to 138 millions, ic. 2.2 times 
greater. With this new system, it can 
be agreed that sums of this amount will 
be sufficient to conserve the value of the 
assets. 


It can be taken that the accumulated 
deficiency due to the inadequate alloca- 
tions from 1946 to 1951 amount to appro- 
ximately 210 million crowns. ‘The Rail- 
way Administration has recommended to 
the Government to catch up with this 
arrears by degrees. For the years 1953/54 
and 1954/55, exceptional allocations of a 
total amount of 36 million crowns have 
been authorised. 


Therefore, whilst in general the financ- 
ing of the replacement of the installations 
is done by means of a _ depreciation 
account, there is no depreciation for cer- 
tain items of so-called permanent value, 
such as lands, infrastructure including 
ballast, sleepers and fences; the renewal of 
such installations is debited in full directly 
to the operating account. 


Nora-Bergslagen Railway. 


The investment figures do not corres- 
pond to the value of renewal, but only 
to the actual acquisition costs. According 
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to the figures of the 1955 balance sheet, 
the investments of this railway amount to 
18.8 million crowns. The cost of replacing 
these installations would amount to about 
55.3 millions, ie. nearly triple. The 
renewal funds in the 1955 budget were 
given as about 18.2 million crowns, but 
would be nearly double on the basis of 
renewal costs, i.e. about 34.2 millions. It 
is forbidden to show in the accounts any 
increases in value compared with the 
initial acquisition costs. 


The sums in the renewal account based 
upon the acquisition values are insufficient 
to prevent the depreciation of the instal- 
lations as a result of age and from other 
causes. In the opinion of this Administra- 
tion, the real renewals are conditioned 
rather by technical necessities, progress and 
improvements, than by a calculated loss 
of substance. 


Association of American Railroads. 


This Association represents a free organ- 
isation, with limited and well defined 
powers in conjunction with the different 
autonomous companies. Consequently, 
although it dealt voluntarily with the prob- 
lems raised in the questionnaire, the Asso- 
ciation could only deal in a general way 
with certain parts of them. 


It may be stated here that the Associa- 
tion includes 126 class I railways which 
are operated autonomously; a class I rail- 
way is one whose annual receipts amount 
to at least 3 million dollars. 


As regards the question of financing 
renewals, taking into account the initial 
cost of acquisition and the present day 
replacement costs, which are the subject 
of the present chapter, they were only able 
to indicate that increases in value com- 
ared with the initial acquisition costs in 
the books of the Railway Administrations 
were not admissible. The members of the 
Association therefore have to get new 
capital when the replacement costs exceed 
the initial costs. 
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IV. The conservation of the substance 
of the capital invested and the de- 
cline in the purchasing power of 
money. 


A question of particular importance in 
studying the problem of the conservation 
of the substance of the invested capital of 
the railway is that of knowing how the 
Administrations obtain funds to replace 
the installations which have to be renewed 
at much greater cost and if and how 
account is taken in the accounts of the 
Administrations of the variation in the 
invested capital owing to the decline in 
purchasing power. The questions asked in 
the questionnaire sent out in order to 
elucidate this problem, judging by the 
replies received, aroused great interest on 
most of the Railway Administrations. The 
profound economic and monetary uphea- 
vals which occurred as a result of two 
world wars, which led to all sorts of 
disturbances in the economic conditions 
between these two wars, as well as after 
the second world war, obliged many coun- 
tries even at that time to take the con- 
sequences into account in directing their 
own economy, and it is to be assumed that 
they will not be avoided in the future in 
other countries. 

It appears in effect that in periods of 
constant reduction in purchasing power, 
it is more and more absurd to base the 
calculations upon these nominal values. 
Calculating the depreciation of the instal- 
lations at the historic prices of purchase 
or manufacture results certainly in the 
conservation of the nominal capital, but 
does not create conditions in which it is 
possible to replace the installations whose 
cost has gone up in the interval, which 
leads to loss of assets. 

Erroneous and partial conceptions of the 
notion of the value of money and its varia- 
tions in the case of accountancy lead to 
serious inaccuracies and too often make it 
difficult to conserve the capital. Now, any 
decline in the assets of an undertaking 
means a _ corresponding decline in the 
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assets of the national economy, and con- 
sequently a reduction in the social pro- 
duct. 

The structure of the capital of a railway 
undertaking, with its considerable invest- 
ments combined with the possibility of 
using, often for a great many years, costly 
parts of the installations, makes such an 
undertaking particularly sensitive to fluc- 
tuations in the value of money. ‘There 
is a risk therefore in the case of railways 
of operating them for dozens of years 
without the value of the installations being 
accounted for in total at present levels. 
The difficulties will only become obvious 
when it will be the time for the renewals. 


If we start with the idea that deprecia- 
tion should make it possible to conserve 
the relative importance of the undertaking 
in the economy as a whole, and that cor- 
rectly calculated depreciations represent 
the value of the wear and tear, it is 
necessary that during periods when there 
is a prolonged decline in the purchasing 
power that the depreciation amounts be 
calculated not on the cost at the time of 
acquisition or manufacture, but according 
to cost of replacing such installations at the 
present time. It is obvious that the 
amounts needed to buy replacements will 
only be available if they are covered by 
the product of these charges. 


In effect, whilst the object of deprecia- 
tion is to bring out the technical and 
economic wear and tear of the installa- 
tions, and consequently, according to the 
principles of commercial accountancy, 
depreciation should be charged up even in 
the case of a deficit, the expenditure upon 
the renewal of the installations will neces- 
sarily always be limited by the funds 
available. 


To take devaluation into consideration 
in the accounts by the depreciation charges 
will therefore not be a protection against 
loss of substance unless the amounts of 
the depreciations are covered by the 
operating receipts. In the contrary case, 
depreciation charges based on the present 
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day value is at least a check which will 
bring out the reduction in substance that 
has occurred. 


As it is probably forbidden by law in 
every country to take monetary devaluation 
into account as it occurs in the estimates, 
even in the case of capital investments, 
the depreciation charges in the balance 
sheet are generally based on nominal 
values, whilst « industrial » depreciation 
represents the real reduction in value 
caused by the wear and tear of the assets 
used in the process of production. 


To take into account reductions in pur- 
chasing power which have occurred up to 
the time when a revaluation of the capital 
invested is authorised, on the debit side of 
the balance sheet it might be possible to 
introduce, if needs be beside the regularisa- 
tion account, which only takes nominal 
values into account, a supplementary 
account (variation in value account) which 
will be credited with the sum of the dif- 
ference between the depreciation according 
to the cost of acquisition and depreciation 
according to the present replacement value 
of the installation. In this way, the 
reduction in the purchasing power at the 
moment in question will be shown by a 
separate figure. 


Instead of effecting a correction of the 
value by depreciation, the railways often 
set up a so-called renewals fund. ‘This 
fund is credited with a theoretical sum 
for renewals and debited with the actual 
cost of renewals. This renewals fund 
which has the character both of an adjust- 
ment account and a reserve shows very 
clearly the mixture of financial and indus- 
trial accountancy, which often and _ logic- 
ally appears on the railway. This method 
is based on the principle that the invested 
capital of the railway should be conserved 
in its actual substance, and that it is 
necessary for this purpose for the theore- 
tical annual value of renewals to be equal 
to the real annual expenditure on renew- 
als. On the railways, which have to 
renew their installations continuously, the 


May 1958 


theoretical annual renewals amount cor- 
responds to the depreciation on _ the 
replacement value calculated according to 
the principles of industrial accountancy. 


We must not forget to point out that 
when calculating the depreciation charges 
according to the present value of the 
installations, the conditions prevailing are 
taken into account, but during periods of 
prolonged reduced purchasing power, the 
total value of the depreciation charges 
collected for part of the installations will 
in spite of everything be lower than the 
cost of replacing this installation when the 
time comes. 


According to the organic theory of the 
balance sheet, this shortage can be made 
up by the increase in the actual assets 
procured annually by using the deprecia- 
tion charges, if the undertaking has bought 
assets having a stable value which follows 
the rise in prices. If use cannot be made 
of this possibility, it will always be neces- 
sary to meet the deficit from capital. 
This is why it often happens that reserves 
are set aside for this purpose. Naturally, 
the setting up of reserves of this kind 
presupposes that the corresponding receipts 
are available. But in this case again, such 
a palliative cannot be used when there 
is a serious reduction in purchasing power 
unless suitable entries concerning the 
capital are given up. 

Constant reductions in purchasing power 
only take away from a renewal fund its 
indicative value when it is impossible to 
assure entirely the renewals provided for. 
The amount of the fund will then have 
to be corrected by revisions of the capital 
charges. If under these conditions, it then 
becomes necessary to catch up with arrears 
in renewals in the following years, at 
higher prices than those originally neces- 
sary, it may be advisable to show the 
additional cost accumulated as a result 
separately. 


Whilst it is possible to take into account 
temporary fluctuations in the value of 
money by temporary measures, prolonged 
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reductions in purchasing power make it 
necessary from time to time, usually after 
a period of crisis, finally to eliminate 
inaccuracies in the balance sheet by a 
revaluation of capital, the new values 
determined in this way will then be 
considered as the acquisition or manu- 
facture values. 


Although purchasing power has declined 
very considerably in nearly every country 
during the last 40 years, only 4 of the 
Administrations questioned have been able 
to adjust their capital values accordingly. 
Probably in nearly every country, com- 
mercial legislation and still more fiscal 
legislation makes it essential to maintain 
the principle of continuity in the balance 
sheet. But if the purchasing power is 
reduced by half, for example, and if in 
consequence the cost of renewal is doub- 
led, and this is not on account of a 
temporary disturbance of the economic 
situation, but rather a well defined 
tendency, such a continuity of the balance 
sheet will lead to under-estimating greatly 
the capital invested, with all its unfor- 
tunate consequences. 

The question of the revaluation of the 
capital invested is therefore topical to the 
extent that serious reductions in the pur- 
chasing power of money occur. Naturally, 
opinions may differ on the importance to 
be attached to monetary revaluations in 
order to avoid makeshifts and decide to 
interrupt the continuity of the balance 
sheet and consequently adopt revaluation. 
In general, however, the Railway Admin- 
istrations cannot act independently in this 
connection, and must respect the legisla- 
tion of their country. However, precisely 
in the case of State railways properly 
speaking, it is possible to conceive purely 
and simply special regulations for Rail- 
way Administrations with their important 
installations, the more so as the fiscal 
repercussions of such a revaluation will 
often be of less importance than in the 
case of private undertakings. In all coun- 
tries, there is already an idea going about 
that the railways are not an out of date 
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instrument of transport that can be put on 
the shelf in order to replace them by other 
methods, in particular road and air trans- 
port. Hence, in consequence, the imperi- 
ous need to modernise railway equipment, 
and to do so, it is essential to show cor- 
rectly in the balance sheets the assets of 
the railway. It is only then that we shall 
have sufficient knowledge to arrange for 
the necessary funds, whether it is a ques- 
tion of funds supplied by the undertaking 
itself from a suitable development of the 
receipts, or of subsidies from the State, 
should the latter forbid this development 
of the receipts through the tariffs. 


In the opinion of the Reporter, an 
increase in values due to the reduction in 
purchasing power which has_ reached 
double the initial cost of acquisition of the 
old long term investments, clamours to 
be put right by revaluation. 


We give below a few extracts from the 
replies received from certain Railway 
Administrations. 


Austrian Federal Railways. 


The decline in the purchasing power of 
the crown, which dates back to the Austro- 
Hungarian monarchy, culminated in 1925 
in the introduction of the schilling on the 
basis of 1 schilling = 10000 crowns, and 
led to a general revaluation in Austrian 
economy on the occasion of the establish- 
ment of opening balance sheets in gold 
schillings. Since 1938, there has been a 
further reduction in the purchasing power 
of money, which related ot the total capital 
investments of the railway, has released an 
increase in the replacement costs nine to 
ten times their initial value on the average. 


The law on the opening balance sheets 
in schillings  (Schillingeréffnungsbilanz- 
gesetz), published in 1955 authorised 
Austrian undertakings to proceed to 
revise the figures in their balance sheet 
and adapt them to the new conditions of 
purchasing power. Although the clauses 
of this law did not apply directly to 
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state undertakings, the Railway Admin- 
istration will make the appropriate reva- 
luations, in agreement with the Federal 
Ministry of Finances and the Court of 
Accountancy. 


British Railways. 


In spite of the reduction in purchasing 
power which has occurred, there has not 
been any adjustment of the accounts in 
the sense of revaluation. ‘The additional 
costs of replacing installations are debited 
to the capital account. 

The British Transport Commission is 
proposing to complete the depreciation 
charges by setting up a reserve fund, based 
on the increase in replacement costs, to 
the extent that profits will allow of such 
a supplementary reserve being set up. 
Whilst the accounts value of the installa- 
tions is about £ 1600 million, the present 
replacement value is about £ 5000 million. 


South African Railways and Harbours. 


Since the year 1955/56, the Railway 
Administration, in addition to the renewal 
fund, has had a special account in the 
general reserve account to meet the in- 
crease in replacement costs due to the 
decline in the purchasing power of money, 
and to obtain greater stability in the 
reserve funds. It credits this account 
with the additional costs of replacing 
installations which cannot be guaranteed 
by means of the depreciations based on 
the initial cost of acquisition. 


Rhodesia Railways. 


Special reserve fund, created by virtue 
of the railway law, from whatever profits 
are available, can be called upon to cover 
additional expenditure on replacement 
installations which have become too costly 
as a result of the decline in purchasing 
power. 
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Coras Iompair Eireann. 


The value of the Railway Installations 
was corrected to a certain extent in 1950, 
when the Irish railways assumed their 
present organisation as a public transport 
company, but even then this was not a 
well considered revaluation of the kind in 
mind. Since that date there has probably 
been a further decline in purchasing power 
GE, 20) £0.90 207, - 


Norwegian State Railways. 


The decline in purchasing power has 
been one of the main obstacles in the way 
of adopting a healthy policy of renewal. 
(This has already been discussed in an- 
other chapter). 


The percentage of the increase in the 
value of the installations and rolling stock 
owing to the decline in the purchasing 
power of money between 1950 and 1956 
amounts to about 50 %. 


V. Correlations between the ideas of 
maintenance, renewal and extension 
of railway installations. 


One of the first preoccupations of a 
Railway Administration as of all industrial 
undertakings should be not only to main- 
tain its means of production in a good 
condition from the technical point of view, 
but also to adapt them constantly to vary- 
ing conditions, and in particular to the 
constantly increasing demands of periods 
of economic prosperity. To do this, it 
must apply all technical progress in good 
time if it is not to succumb to competition 
from other methods of transport. 


The idea of the maintenance of instal- 
lations must without doubt first of all 
cover all the repairs and_ restorations 
needed to make possible the real utilisa- 
tion of any part of the installations, at 
least until the expiration of the useful life 
attributed to it. In general, this idea of 
maintenance is also extended to the ex- 
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penditure needed to replace and renew 
all the small parts of the installation. 


By renewal of an installation must be 
understood taking out of a service an 
installation that has become unfit for 
operation and replacing it by a similar 
new installation. In general, such a 
replacement will take place at the end of 
the correctly estimated useful life of the 
installation in question. However, special 
circumstances may involve premature 
replacement, or on the contrary the instal- 
lations may be kept in service for a longer 
period than previously estimated. This 
latter case generally occurs when the funds 
required for the replacement of the instal- 
lation are not available at the desired 
moment, so that installations that should 
be renewed have to be retained in service 
at the cost of additional expenditure on 
maintenance. 


Leaving such irregularities aside, there 
is therefore a certain relation between the 
maintenance and renewal costs which are 
theoretically the most rational. The adop- 
tion of relatively short useful lives ensures 
that the average maintenance costs will be 
low, but involves on the other hand large 
average estimates for early renewal. It 
must not be forgotten, however, that in 
replacing in good time installations which 
can still be used in other fields, the pro- 
ceeds from the sale will be increased, which 
will correspondingly reduce the cost of 
replacement. It is true that in view of 
the particular and specialised character of 
railway installations, it is rarely possible to 
profit from this advantage. 


To define the motion of renewal and 
replacement, we also mentioned above the 
equivalence of the original and replace- 
ment installations. This may require fur- 
ther explanatory remarks. 


This equivalence may be thought of 
concerning : 


a) the costs; 
b) the kind material or technical; 


c) the productivity. 
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If the purchasing power of money 
remained constant, we might be content 
to retain the form of equivalence a), 
because this complies with the principles 
of an ordered regime of depreciation in 
the simplest way. Modernisation, tech- 
nical progress, and rationalisation in the 
undertakings producing railway material 
will result — always with the hypothesis 
that the purchasing power of the money 
remains constant — in a reduction in the 
cost of renewing installations of the same 
power, or inversely in an increase in their 
productiveness for the same cost. This 
increase in capacity at the time of replace- 
ment in case a) is merely a secondary 
consequence for which we can only be 
thankful. 


If there is a decline in purchasing power, 
which has been the case in nearly every 
country, although to very varying degrees, 
solution a) will result in unfavourable 
results, the more so the longer the useful 
life of the installations is, or has been, 
estimated to be. Doubtless it will only be 
very rarely that case b) can be used, as in 
nearly all fields technical progress is such 
that the old models to be replaced are no 
longer made to day except in a very few 
rare Cases. 


The only economically correct method, 
even when the purchasing power is on 
the decline is to use case c). ‘This also 
gives us the definition of the third notion 
quoted in the heading, that of the exten- 
sion of the installations, i.e. the purchase 
of additional installations unrelated to 
taking out of service other installations, 
or again the purchase of powerful instal- 
lations in correlation with the renewal of 
less powerful installations. 


Nearly all the Railway Administrations 
may introduce in their accountancy regula- 
tion tolerances for the booking to main- 
tenance or to renewals, or extension of 
installations; in virtue of these regula- 
tions, expenditure below a given level, 
generally a small sum it is true, comes 
under the heading of maintenance. 
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This diversity of the methods of enter- 
ing renewals, which we mentioned in an- 
other chapter of the present report, is 
certainly due to the diversity in the 
systems of accounts and preparation of 
the budgets. These in their turn can be 
explained by the historical evolution of 
the systems and the closeness of the rela- 
tions between the railway budgets and the 
State budgets, or at least in the legal 
dispositions influencing free decisions, in 
particular the regulations governing com- 
panies and the fiscal laws. 


VI. The present condition of the rail- 
ways installations and intentions re- 
garding their modernisation in the 
near future. 


Nearly all the Administrations replied 
more or less forcibly in the negative when 
asked if the condition of the railway instal- 
lations and equipment of the lines cor- 
responded to the present state of technique 
and transport requirements. ‘The events of 
the war and those of the post-war years, in 
their own countries, but also the repercus- 
sions of international tension on_ the 
national economy, as well as the accumulat- 
ed needs for financing the modernisation 
and increase in productivity in numerous 
domains of the national economy were 
quoted as the main reasons for the ina- 
dequacy of present railway equipment. 
The fixed installations and in particular 
the rolling stock have been used to the 
limits of their capacity and subjected to 
exceptional wear amounting to abuse. 
After the war in many countries, in addi- 
tion to a shortage of financial means, there 
was an appreciable shortage of materials, 
which made it impossible to catch up very 
quickly with arrears in replacements. 
Often it was the economic policy of the 
State, in a general way, and more parti- 
cularly the wages and prices policy which 
led the State to forbid the Railway Admin- 
istrations to fix tariffs which would cover 
the costs, and in many places it was pos- 
sible to speak of excessive social tariffs in 


oer 


May 1958 


the passenger services and tariffs subsidis- 
ing certain branches of the economy in 
the case of the freight traffic. As a result, 
the financial situation of the Railway 
Administrations deteriorated considerably, 
and led to further postponements of the 
work of modernisation, which however was 
becoming a more and more pressing need 
owing to the competition of other trans- 
port methods. 


The replies received show that the Rail- 
way Administrations are convinced that 
the realisation of their long term invest- 
ment programmes is the most suitable 
means of systematically eliminating the 
delays in technical development, which are 
seriously handicapping their operating, 
and would enable them to satisfy the 
increased traffic demands of the present 
day under economic conditions. 


These investment programmes are gener- 
ally spread over a period of 5 to 10 years, 
sometimes 15, and provide, in addition to 
enormous improvements to the fixed instal- 
lations, the replacement of steam traction 
by Diesel or electric traction. Widescale 
modernisation of the stock of wagons and 
coaches is generally also provided for at 
the same time as this change in the trac- 
tion. Although the replies gave no details 
on this subject, it can be seen that the 
conversion of the traction depends on the 
one hand on the power position in the 
country concerned, and on the other on 
the estimated profits from this measure; 
this latter consideration operates in favour 
of electric traction on hilly lines with 
heavy traffic, and in other cases in favour 
of Diesel traction in the place of steam 
traction. 


The modernisation of the fixed instal- 
lations is intended above all to obtain 
faster running speeds. This is the essen- 
tial object of the reinforcements needed 
to the permanent way, the elimination of 
too pronounced curves, the improvement 
of the safety installations profiting by the 
technical progress made in this field, 
whilst economising in labour, organising 
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modernised marshalling yards to make up 
the trains and consequently speed up the 
freight traffic, as well as the modernisa- 
tion of the telecommunications installa- 
tions. 


The proposed investment programmes, 
some of which have already been embark- 
ed upon, require the different Railway 
Administrations to spend capital sums 
varying from 50 to 3000 million USA dol- 
lars. Although the replies did not express- 
ly underline this point, it is to be presum- 
ed that in many cases these investment 
programmes are still only the projects and 
intentions of the Railway Administrations, 
which certainly will not recoil from any 
effort to procure the considerable capital 
needed; they are not modernisation pro- 
grammes the financing of which is already 
settled. In particular, in those countries 
where the railway budget is part of the 
national budget, or closely related to this 
budget, certainly great efforts will have 
to be made and remade every year to 
obtain the funds required for the different 
annual portions of these programmes. 


VII. Conclusions. 


The accounting of the capital invested 
and the accountancy values in relation to 
the conservation of its value takes place 
in very different ways on the different 
Administrations. ‘This diversity is due to 
the total absence of any statement of assets 
suitably subdivided until the revaluation 
of the invested capital on the books of 
the Administrations in terms of the present 
purchasing power, instead of invested 
capital based on historical values dating 
from epochs with the most varying pur- 
chasing powers of money. 


The accounting of the expenditure 
required for renewals to conserve the sub- 
stance takes place by debiting directly the 
operating account with the actual renewal 
costs, or with the sums theoretically neces- 
sary to endow a renewal fund, or with the 
depreciation charges credited to a regul- 
arisation fund. 
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In view of the fact that the situation 
from the point of view of the receipts is 
often unfavourable, only a small number 
of Railway Administrations succeed in 
obtaining from the receipts the funds 
required for the material renewal of the 
installations. Frequently, it is charges 
that have nothing to do with the operat- 
ing imposed upon the Railway Admin- 
istrations when they held a monopoly of 
transport, and the intervention of the State 
in fixing the tariffs at low levels that have 
an unfavourable effect upon the railway 
receipts. Now, these Administrations can- 
not prevent their budgets being swollen 
by the increased wages of their staff and 
salary increases and price increases which 
affect the products they consume. In 
addition, the ever increasing competition 
of other methods of transport obliges 
them to catch up as quickly as possible 
with delays in renewals and to give in- 
creased attention to the modernisation 
and increased efficiency of the organisa- 
tion of transport. 

Correctly to appreciate the financial 
situation and future capital requirements, 
it is essential to draw up accounts show- 
ing the value of the capital invested, tak- 
ing into account the reduced purchasing 
power of money. 

Without such a_ revaluation, which 
should be authorised by the laws, in all 
economic fields where purchasing power 
has been seriously reduced, the owners, 
associates, share-holders or backers of all 
undertakings, especially those with heavy 
capital investments, will end by being mis- 
led as to their true economic situation in 
which the State itself cannot be disinter- 
ested, either as owner of the undertaking, 
as is the case with many railways, nor as 
financial administrations concerned with 
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the rationalisation of the economic life of 
the country. 


The very brutal interventions in the 
regime of renewal and modernisation of 
the railway which have taken place in 
many Railway Administrations owing to 
the general financial situation of the 
State, will have the effect in the not so 
far off future of leading if not to the 
extinction of the railway, which in spite 
of all competition remains the most 
important instrument of transport of a 
country, at least to seriously compromising 
the capacity of this method of transport, 
and above all its safety of operating. It 
would be a very short sighted economic 
policy to remain blind to the problems of 
the economy of transports, precisely in 
periods of an expansion of world economy 
which involves costly improvements and 
modernisation of the industrial and com- 
mercial undertakings of a country in order 
to make higher output possible. 


The freeing of the operating budget 
from charges that are alien to it and 
transferring them to the competent institu- 
tions benefiting from or responsible for 
them, indemnifying the railway for tariff 
facilities which exceed its commercial 
interests, granted for reasons of social 
policy or having the character of subsidies 
to favour the general economy at the 
expense of the railway, and an equitable 
co-ordination of transport which takes into 
account the correct utilisation of the dif- 
ferent methods of transport, should, in 
conjunction with a judicious support of 
the financial efforts of the railways to 
modernise and increase the output of their 
undertaking, contribute towards solving the 
problems of the economy of transport in 
the near future. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 
17th. SESSION (MADRID 1958). 


QUESTION 9. 
Experience obtained concerning the undulatory wear of rails. — 


— Damaging effects on track, bridges, viaducts and tunnels, 
and on the rolling stock. 


— Research into the causes of this kind of wear. 


— Measures taken to avoid or to remedy it. 


REPORT 


(America (North and South), Australia (Commonwealth of), Burma, Ceylon, Egypt, India, 

Irak, Iran, Republic of Ireland, Japan, Malaysia, New Zealand, Norway, Pakistan, South 

Africa, Sudan, Sweden, Union of Soviet Socialist Republics and the United Kingdom 
of Great Britain and Northern Ireland and dependent overseas territories), 


by N. C. Vocan, 


Chief Civil Engineer, New South Wales Government Railways Sydney. 


FOREWORD. 


The Questionnaire sent to thirty-three (33) 
Railway Administrations has been replied 
by twenty-two (22) only. The Sudan and 
Malayan Railways were unable to report 
owing to shortage of professional staff. 
Iraq, Argentine, Tasmania and Sweden 
Nora-Bergslagan Railways were unable to 
reply, as time did not permit. Rhodesia, 
Jamaica and Nigerian Railways stated they 
were not in a position to reply. Nordmark- 
Klaralven and Svenska-Jarnvagsforeningen 
Systems are covered by a report from the 
Sweden State Railways. Norway has no 
experience concerning these problems. 


8 


The replies received from the following 
Administrations, have been summarised in 
this report : 

Indian Railway Board; 

Victoria Government Railways; 

Japanese National Railways; 

British Transport Commission (Railway Di- 
vision); 

East African Railways and Harbours; 

Sweden State Railway Board; 

New Zealand Government Railways; 

South African Railways; 

Association of American Railways; 

Eire : Coras Jompair Eireann; 

London Transport Executive; 

New South Wales Government Railways. 
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Summary of Section I. 
GENERAL. 


Undulatory wear is divided» principally 
into two groups: « A » known as « roar- 
ing rails » or « washboard track » and 
« B » sometimes described as « saddles », 
which are of a much longer pitch. 

Both types of undulatory wear are illu- 
strated in the set of photographs attached 
herewith. 

Type « A » occurs invariably in all 
Systems under steam traction, on straight 
track and flat curves of approximately 
30-chains (2° — 53’) radius and over. 

The pitch of the undulation usually 
varies between 1 1/2 inches to 2 1/2 inches 
(38 mm to 64 mm) with depths to 
0.015 inches (0.4 mm). 

The rail running surface has a mottled 
appearance — transverse bands of extreme 
hard steel structure. “These bands exhibit 
high polished spots of « martensitic » struc- 
ture and occur in single or double parallel 
rows. These hard spots extend to depths 
in the rail surface, which with heavy grind- 
ing cannot be entirely eliminated. London 
Transport reports grinding as a normal 
maintenance process and this has» proved 
satisfactory in keeping corrugations under 
control. 

British and South African Systems have 
reported experiencing this type of undula- 
tory wear, but attribute the primary cause 
to « sorbitising » of rails. Many of these 
sorbitic rails corrugated very badly, but 
since their replacement, wear of this kind 
is no further a problem. Sweden reports 
rare cases of corrugated rails and have 
attributed the cause to the vibration dur- 
ing rolling operation in manufacture. 

Type « B » usually occurs on sharp 
curves of less than 20-chains (4° — 20’) 
radius, and on track mainly used by elec- 
tric multiple-unit passenger trains. The 
pitch is much longer, varying from 5 to 
60 inches (13 to 154 cm) with depths up 
to 3/16 of an inch (5 mm) or more. 

The texture of the running surface _is 
comparatively smooth with a semi-shiny 
lustre and is more or less similar over the 
crest and the trough. The surface hard- 
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ness over the peaks and troughs is prac- 
tically the same. Extrusion of the metal 
is very apparent particularly on the outside 
face of the head along the troughs, which 
suggests wheel slip. 

India, East Africa, Sweden and Eire have 
reported no problem regarding this type of 
undulatory wear. ‘These countries appear 
to confine their remarks to steam traction 
only, which associates with the Type « A » 
(roaring) corrugations. 

The undulatory wear on the two lines 
of rails of the same track for Type « A » 
(roaring) corrugations is similar in pattern 
and occurrence, in practically all Systems, 
particularly on Straights. On flat curves 
the tendency is for the markings to be 
more clearly defined on the low rail. 

Japan has observed that corrugations on 
straights follow various patterns — some 
with corrugation on rails opposite one 
another, varying to the troughs being oppo- 
site high spots. This could be due to local 
rail creep. 

For Type « B » (saddles) — undulatory 
wear is reported to occur more on the low 
rail than the high. The opinion has been 
expressed that primarily the low rail cor- 
rugates and is sympathically transferred to 
the high rail. 

Regarding the effect of speed on cor- 
rugations the majority of Systems report no 
relationship, or very little, between pitch 
and depth of the undulations and the aver- 
age speed of trains — Victoria, South Africa 
and the American Railroads admit no 
evidence in this regard. On the other hand 
New South Wales is very definite that pitch 
varies with the average speed for type « A » 
corrugations — the higher the average speed 
the smaller the pitch. No relationship 
between speed and depth has yet been 
observed. 

The first sign of undulatory wear seems 
to appear within three (3) months of laying 
of track. This is more evident in the 
Type « B » undulatory wear, which could 
be attributed to the greater intensity of 
traffic where multiple-unit electric pas- 
senger rolling stock is used. New South 
Wales reports rails (low in carbon) used 
on 12-chains (7° — 14’) to 20-chains 
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(4° — 20’) radius curves, under multiple- 
unit electric traction, being replaced due 
to bad « saddling », fifteen (15) months 
after laying. 

The growth of undulatory wear of the 
« roaring type » has been observed to com- 
mence with a narrow shiny strip appearing 
longitudinally along the running surface, 
developing into « scallop » formation with 
shiny spots appearing and ultimately form- 
ing into transverse ridges, with very hard 
« martensitic » peaks. Observations made 
by New South Wales indicate that softer 
rails corrugate at less rate than hard rails. 

Regarding the growth of Type « B » 
(saddling), very little data is available. 
South Africa and London Transport reports 
uniformity of undulation in relation to 
sleeper spacing. Crests occuring in the 
first quarter between sleepers and troughs 
in the last quarter. New South Wales 
report that this type of undulations are 
irregular and follow no particular pattern. 
First indications are high polished spots at 
varying pitch, with slight overflow of metal 
on outside edge of head of rail, between 
these high spots. Ultimate mushrooming 
effect is fairly general along the troughs. 

There is a diversity of opinion regarding 
the effect of fishplated joints on the regul- 
arity of undulatory wear. Although some 
Systems agree that joints have an effect, 
they are not consistent in their findings. 
Most countries are in accord that fish joints 
promote to some extent variation of fre- 
quency and depth of Type « B » (saddled) 
undulations. New South Wales System 
observed the depressions, im the early 
stages deeper on the receiving side of joint, 
with very pronounced « saddles » apparent 
on the high rail of a curve about 5-ft. in 
advance of the joints on the low rail. 

Practically no information is available 
concerning the effect of reversing or trans- 
posing corrugated or « saddled » rails. 
New South Wales has carried out tests by 
re-using corrugated rails on sharp curves 
with good results. These rails were cor- 
rugated to depths of 0.015% and relayed 
in a single two-way track, on curves of 
16 (5° 25’) and 90-chains (4° 20’) radius 
approximately five (5) years ago and, today 
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the corrugations have almost entirely dis- 
appeared. 

The only information regarding grind- 
ing and heat treatment has been supplied 
by New South Wales. Grinding of rails 
was carried out to just below the original 
troughs and the rail then heat treated. 
After three (3) months in service the cor- 
rugations re-appeared in the identical spots 
where the original peaks existed. 

The effect of heating during welding 
of joints has been the cause of light undula- 
tions in the proximity of the joint and is 
assumed to be due to variation in hard- 
ness within this zone. This effect is very 
noticeable in steam tunnels, where affected 
by fume and damp atmosphere. 

Comparing rails having undulatory wear 
with those which have none, it is experienc- 
ed in Victoria and New South Wales that 
rails with undulatory wear, particularly 
those of the « saddled » type, have a 
higher incidence of failure. 


Section I. 
GENERAL. 


QUESTION 1. 


Are all types of undulatory (corrugated) 
wear fundamentally similar or have dif- 
ferent types been noticed? 

Have you made any classification of the 
different types of undulatory wear? 

Any statistical data? 


The undulatory wear in rails differs in 
many respects, but can be classified into 
two (2) major types. 


Type A. — Commonly termed « roarers » 
or « washboard » corrugation. The run- 
ning surface has a mottled appearance 
with high shiny peaks, varying 2” — 3” 
centres. 


Type B. — The top surface of the rail 
head is deformed into series of undula- 
tions « saddles » with a more or less 
uniform semi-shiny surface. “The distan- 
ces between the peaks vary from about 
5 to 60 inches. 
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Typical short patch (washboard) type of corrugation, Sydney-Newcastle line. 
New South Wales Railways. 


Typical corrugation under electric traffic (Saddling), North Shore Line, 
New South Wales Railways. 
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Most Systems have classified the types 
of undulatory wear, but statistical data is 
practically nil. 


INDIA. 


All similar and exhibiting high bright 
spots. Classification made as to shape and 
size of high spots, location on rail, whether 
in single or double rows, depth and pitch 
of corrugation — Metallurgical features 
not yet made. 


VICTORIA. 3 Types. 


Type A. — Rail running _ surface has 
mottled appearance — _ transverse bands 
of extremely hard steel structures — cold 
working of softer rail surface between 
them. Commonly termed « roaring 
rails » or « washboard track >». 


Type B. — Rail head deformed into series 
of undulations — without serious altera- 
tion in steel structure — bright running 
surface — « Electric Traction Corruga- 
tion ». 


Type C. — Deformation occurs on rail 
head and on occasions into web and 
flange. Pitch is not constant and defect 
is result of some form of defect in rail, 
pipes, laps, etc. 
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JAPAN. 
Observed two (2) types — corrugated 
wear and undulatory bend in ratio of 2 
to 1 — varying wave length — 5 cm (2”) 


to 150 cm (60”). 


Not made any classifications only for 
some statistical observation. 


BRITISH RAILWAYS. 


Wide variety of patterns and wave 
lengths. Found frequently under corrosive 
conditions as in tunnels or at ends of water 
troughs. Peaks become dried out as wheels 
merely make contact at peaks, leaving 
water in the troughs or valley to corrode 
the rail. 

Vast majority of rails on British Rail- 
ways do not corrugate. Only « sorbitic » 
rails now nearly all removed from the 
track. These were found to be prone to 
corrugation. 


Battering of rails is formed on elec- 
trified tracks with electric trains having 
heavy unsprung masses. Consist of irregular 
depressions on running surface due to 
plastic formation of steel — no formation 
of « martensitic » on peaks. 

Battering has been observed to start at 
running-on end of a rail associated with 
vibration of wheels passing over joint. 


Victorian Railway, — Survey of type « A » (roaring) rail corrugation. 


Rails Rails Rails 
mainly laid in laid in main line, principally 
secondary main steam confinded Totals 
lines and Diesel to electric-traction 
and branches traction tracks 
Weight of rails in 
lbs. per yard 60 and 75 80, 90 and 94 100, 107 and 110 
Miles of rails in 
running track . 5 116 4 314 Spee 9 962 
Miles of rail affect- 
ed by corrugation 131 Wee 3 933 
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Instances where corrugation starts in mid 
rail — wheel burns do not start formation 
of corrugation. 


EAST AFRICAN RAILWAYS. 


All cases fundamentally similar. Pitch 
varying 3/4 inches to 3 1/2 inches — 
depths 0.003 to 0.006 inches. Some deeper 
to 0.010 inches. 


No classification. — No statistical data. 
SWEDEN. 

Corrugated rails very rare. Observed 
over approximately 13 km on one line 
Southern Sweden, soon after new rails 
layed, that when thin surface skin was worn 
away bright spots were visible — German 
rail manufacturer admitted corrugations 


were due to vibrations during rolling — 
accepted that this was cause of corruga- 
tion. 

No classification. — No statistical data. 


NEW ZEALAND. 


Spacings vary 2 inches to 60 inches 
(5 — 150 cm) — depths from few thousands 
of an inch to 0.062 inches (1.6 mm) — 
vertical deformations attributed to inherent 
defects in new rail. No statistical data 
available. 


SOUTH AFRICAN RAILWAYS. - 4 Types 
observed. 


7 


(a) Short (roaring rails) — pitch 7 ‘to 
10 cm (2 3/4 inches to 4 inches) only 
on « Sorbitic » rails where top surface 
is cooled by watersprays, use of these 
rails discontinued — problem now 
negligible. 

(b) Long irregular pitch — depth to 3 mm 
(1/8 inch) on straigths and curves — 
whole rail bent vertically, due probably 
to gag straightening of rails — now 
negligible with roller strainghtening. 


(c) Compound corrugations — pitch 7- 
12 cm (2 3/4 to 4 3/4 inches) super- 
imposed on corrugations with pitch 
about 30 cm (12 inches) — depth 1 mm 
(0.039’’) found on some steel bridges — 
probably due to bridge vibration — 
short corrugation ascribed to wheel 
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chatter due to braking — noisy, but has 
not otherwise been found deleterious, 
it can probably be reduced by the use 
of rubber pads. 


(d) Long corrugations of regular pitch 
— equal to sleeper spacing 55-90 cm 
(22 to 35 inches) 3 mm (1/8 inch) deep 
— when it reaches 4.75 mm (3/16 inch) 
rails are replaced to prevent jumping 
of pantographs of electric locomotives. 


This is the only type of corrugation at 
present giving serious trouble. 


Note. — In replies to Questions only 
type (d) corrugations will be considered. 


ASSOCIATED AMERICAN RAILROADS. 
2 Types. 


(1) Light curve and tangent tracks — cor- 
rugations shallow and closely spaced, 
2 1/2 to 3 inches (6-8 cm) apart. 


(2) Low rail of sharp curves, 6 to 8 inches 
(15-20 cm) long and deeper — heavy 
superelevation. 


Neither is a serious problem in United 
States of America. 


EIRE. 
Fundamentally similar — _ corrugations 
differ only in degree and spacing — no 


classification made. 


NEW SOUTH WALES. 


No, there are two (2) major types. 
Type A. — Which occurs only on straights 
or flat curves and has a pitch of about 
2 inches (5 cm) with shiny crests. Com- 
monly known as « roaring » rails. 


Type B. — Of longer pitch, varying 5 to 
30 inches (13-80 cm) in pitch with no 
shiny crests. Occurs only on sharp curves. 
Commonly known as « saddles ». Occurs 
on tracks mainly used for multiple unit- 
electric traction. 


NORWAY. 


In two (2) long tunnels « roaring » rails 
have formed in moist places and can be 
ground out — no other experience. 
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& §. 107-Ib rails laid in February, 1954. Sydney-Newcastle. 


Corrugation forming on A.I. 
New South Wales Railways. 


(Rubber pads and elastic rail spikes.) 


een rail foot and plate shoulder. Sydney-Newcastle. 
New South Wales Railways. 


Showing rubber squeezing up betw 


754/8 BULLETIN OF THE INT, RAILWAY CONGRESS ASSOCIATION May 1958 


LONDON TRANSPORT. Type B. — Battering (saddles) — pitch 
24 inches to 60 inches (60-150 cm) with 


Two (2) types of undulatory wear are f 
depths up to 1/8 inches (3 mm). 


experienced and they appear to be funda- 
mentally different. 


City Outer (Circular Quay to St. James). New South Wales Railways. 
Short pitch (4”) corrugation. 
(Rails in service since January, 1956.) 


Type A. — Corrugations (roaring) — QUESTION 2. 


: oer oF . 

ca < inches to 6 eae et (5-15 cm) Relative values of the different types of 
wit depths to 0.010 (0.3 mm) and give undulatory wear from point of view of 
rise to noisy running. the frequence with which they occur, 
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their extent, etc. — taking into account 
the length of the undulatory wave, its 
amplitude, the surface structure of the 
metal, etc. 


These have been more or less classified by 
most of the Systems reporting and will be 
known as Type « A » and Type « B ». 
Type A. — Commonly termed « roarers » 

or « washboard track » — and occurs 


City Inner (Circular Quay to St- James). New South Wales Railways. 
Showing short pitch corrugation and long pitch (Saddling) in 


background. 
(Rails in service since January, 1956.) 


Majority of the Systems are in agree- 
ment that undulatory wear differs in many 
respects, but there are two (2) types which 
appear to be more generally experienced. 


practically in all cases under steam trac- 
tion on straight track, and also on flat 
curves beyond approximately 30-chain 
(2° — 53’) radius. The rail running 
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surface has a mottled appearance — 
transverse bands of extremely hard steel 
structures. These bands exhibit high 
polished spots of Martensitic structure, 
which can occur in single or double 
parallel rows and with further cold work- 
ing will extend to depths in the rail 
surface which, with heavy grinding, can- 
not be entirely eliminated. ‘Troughs are 
usually dullish in appearance and metal 
much softer. The pitch of undulation 
of this type usually varies from 1 1/2” 
to 2 1/2’ sinehess (38 mm to) 62° mm) 
with depth varying to 0.015 inches 
(0.4 mm) in extreme cases to 0.020 inches 
(0.5 mm). 


British and South African Systems have 
reported experiencing this type of un- 
dulatory wear, but attribute the primary 
cause to « sorbitising » of rails. Many 
of these sorbitic rails corrugated very 
badly and since their replacement, wear 
of this kind is no further a problem. 


In Sweden corrugated rails are very 
rare, only one case of approximately 
13 km is reported. These corrugations 
were observed immediately after the first 
rail was laid in 1943. The characteristic 
light spots appeared soon after the skin 
of metal wore away and investigation by 
the German Manufacturer, attributed 
cause to the vibration during rolling 
operations. 


Associated American Railroads reports 
that although corrugations of this type 
exist, it is not a very serious problem 
on most railroads in America. 


Type B. — « Saddled » rails — this type 
usually occurs on sharp curves on track 
mainly used by electric multiple-unit pas- 
senger trains. ‘The pitch is much longer, 
usually varying from approximately 5 to 
60 inches. Depth of these undulations 
varies to as much as 3/16 of an inch. 
The texture of the running surface is 
comparatively smooth with a semi-shiny 
lustre and is more or less similar over 
the crests and troughs. The hardness 
of the surface over peaks and troughs 
is almost the same. Extrusion of the 
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head metal is very apparent, particularly 
on the outside face of the head along 
the troughs. 


India, East Africa, Sweden and Eire 
have reported no problems regarding this 
type of undulatory wear. ‘These coun- 
tries appear to have confined their re- 
marks to Steam traction only, which is 
associated with « roaring » type of cor- 
rugations. 

On the other hand this « saddling » 
is giving serious trouble in South Africa, 
whereas the « roaring » type is negligi- 
ble. No statistical data has been given 
in any of the reports. 


INDIA. 


Statistical data not yet available. 


VICTORIA. 


Type A. — « Roaring » rails 933 1/2 miles 
of rail affected in 1955. Amplitude from 
0.001 to 0.010 inches. 90-Ib. rail mainly 

affected. Steam and Diesel Traction. 


Type B. — Electric traction track and then 
only under specific conditions of track 
support and curvature. Length to wave 
3 to 36 inches. Amplitude from 0 inches 
to 1/4 inches. 


defects; occurs 
Varying amplitude and wave 


Type C. — Due~ to rail 
anywhere. 
length. 


JAPANESE RAILWAYS. 


Wave lengths around 500 mm (20 inches) 
are most frequent and depths between 
1 mm to 2 mm « roaring » type occur 
about double those of the « saddle » type. 

Pitch 500 to 1000 mm most frequent 
at speed of 40 km per hour. 


BRITISH RAILWAYS. 


Not regarded as vital since nearly all 
corrugated « sorbitic » rails have been re- 
moved. Normal rails in those not « sorbi- 
tised », which had become corrugated, 
amount to about 3 % of the running line. 


See general report and « roaring rails » 
by Turner. 


q 
; 
. / 
. 
. 
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EAST AFRICAN RAILWAYS. 


No information. 


SWEDEN. 


Only one (1) type of rail corrugation, 
pitch about 45 mm and depth less than 
(waritnes 


NEW ZEALAND. 


Undulatory wear not uncommon. Most 
prevalent is « wavy », which can occur 
in most weights of rails at periods of 5 to 
60 inches and to a depth of 0.062 inches. 
Not considered serious problem on track 
or rolling stock. 


No data. 


SOUTH AFRICAN RAILWAYS. 
Covered under question (1). 


ASSOCIATED AMERICAN RAILROADS. 


The closely spaced type on tangent track 
and light curves is most prevalent. The 
second type confined to sharp curves with 
heavy superelevation. 


EIRE. 


No information. 


NEW SOUTH WALES. 
(A) « Roarers ». 


9 to 3 inch pitch — almost con- 
tinuous over straights and flat curves 


of similar type of track. Depths va 
riable to 0.015 inches — in few cases 
as much as 0.020 inches. 

The higher peaks are hard and 


polished with a dull surface between. 


(B) « Saddles » — in the top running sur- 
face at pitch varying mostly between 
18 to 36 inches with depths in the 
vicinity of 3/16 inches. 

They occur on sharp curves, electric 
traction on rising and falling grades, 
put more extensively on rising grades. 
They vary, in frequency, around a 
particular curve. 

The troughs of the « saddles » are 
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semi-polish similar to the peaks. Wheel 
slip apparent. 


(C) Short « saddle » rails varying 5 to 
8 inches pitched mainly on curves on 
concrete road bed. Surface has a sheen 
appearence. Depth varying too 0.020”. 


LONDON TRANSPORT. 


hype a: 7 Corrugations — occur over 
considerable portion of the System, but 
are removed by grinding. 


Type B. — Which is common on curves 
of radius less than 10-chains. 


QUESTION 3. 


Where do the different types of undula- 
tory wear occur, for example on straight 
sections or curves? In the case of curves, 
between what limits of curvature. 


Type A. — (Roaring undulation.) Is ge- 
nerally confined to straight sections and 
flat curves of 30-chain (2° 53’) and over. 
Victorian Railways have reported the 
minimum radius of curve affected as 
100-chains (0° 52’). American Railroads 
also experience these corrugations on 
straight and light curves — no limits 
of curvature given. In East Africa and 
Sweden where this type of undulatory 
wear only is experienced, have reported 
that these corrugations occur on sharp 
curves as low as 15 chains (5° 47’) to 
18 chains (4° 49’) radius. 


Type B. — (Saddles.) On practically all 
Railway Systems where they occur, this 
type of undulatory wear is confined to 
sharp curves of less than 20 chains 
(4° 20’) radius. 


INDIA. 

Greater incidence of corrugation on 
straights than curves. No Cases of curve 
sharper than 2° (43 chains) radius having 
corrugation, have come under notice. 


VICTORIA. 

Type A. — Confined to straights. Some 
transition curves and flat curves above 
100-chains radius. 
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Type B. — Inner rail of sharp curves, so- 
metimes sympathetically transferred to 
outer rail. Most frequent 8-chains to 
20-chains radius. 


JAPAN. 


Principally on straights and on flat curves 
of 500 m (25 chains) radius or over. 


BRITISH RAILWAYS. 
Not specified. 


EAST AFRICAN RAILWAYS. 

Straights, curves up to 5° (20 chains) 
radius and mainly on one section of line 
extending about 100 miles inland from 
the Coast. 


SWEDEN. 


Straight sections and on curves radius 
of more than 300 m (15 chains) radius. 


NEW ZEALAND. 


More frequently on grades subject to 
severe braking and track forces. Damp 
atmospheric conditions and high lengths 
on curves. 


SOUTH AFRICAN RAILWAYS. 


Long corrugations on harp curves, steep 
electrified lines and, to a lesser degree, 
steep steam lines and heavy traffic. 


Curves below 300 m (15 chains) radius 
most affected. 


ASSOCIATED AMERICAN RAILROADS. 


Closely spaced corrugations on tangent 
track and flat curves. Undulatory wear: 
Second type, sharp curves 3° and over and 
where heavy superelevation. 


EIRE. 


Principally on straights and on flat curves 
of 400 m (20 chains) radius or over. 


NEW SOUTH WALES. 


(a) On straight and flat curves 
30 chains (2° 53’) radius. 


above 
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(b) On curves (electric traction) under 
20 chains (4° 20’) radius. 

(c) On curves, tunnels on concrete bed 
(electric traction) under 20 chains 


(4° 20’) radius. 


LONDON TRANSPORT. 


Type A. — Corrugations — appear almost 
inevitably at and on the approach to 
stations, where brakes are applied heavily, 
also on some curves where braking is 
not normal. 


Type B. — Appear on curves with a 
severity roughly to the square of the 
radius and _ occasionally on Down 
grades where brakes are applied. 


* * * 


QUESTION 4. 


Comparison of undulatory wear on the 
two lines of rails of the same track; on 
curved track and on straight track. 


The undulatory wear on the two lines 
of rails of the same track for Type A 
(Roarers) corrugations is similar in pattern 
and occurrence, in practically all the System, 
particularly on straights where the mark- 
ings are similar on both rails. On flat- 
curves, the tendency is for the markings 
to be more clearly defined on the low 
rail. Sweden reports that the outer rail 
only develops corrugation, elliptical in 
shape with long axis in same direction as 
the rail. The ellipses vary with radius of 
curve — the sharper the radius the thinner 
the markings. Japan has observed that the 
corrugation on straights follows yarious 
patterns — some with corrugations on rails 


Opposite one another, varying to the 
troughs, being opposite high spots. This 
could be due to local rail creep. There 


are also a number of locations where one 
rail is heavily corrugated whilst opposite 
rail is quite smooth. This condition is 
also reported by India and New South 
Wales Systems. 


For Type B (saddles) undulatory wear, 
on curves, four countries reported that un- 
dulatory wear occurs more on the low 
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rail than the high. The opinion has been 
expressed that primarily the low rail cor- 
rugates and is symphathically transferred 
to the high rail. 

South Africa reports that undulation is 
worse on the outer rail on a curve with 
the outer edge of the head also exhibiting 
the wavy appearance. 


IN DIA. 


No bias in favour of outer or inner 
rail of a curve. Many cases where one 
rail in a track (either single or double line) 
exhibits undulatory wear. 


VICTORIA. 


Type A. — (Roarers.) No difference on 
straights; very little difference on curves, 
except bright spots on the outer rail 
not so clearly defined. 


Type B. — (Saddles.) Occur usually on 
inner rail of sharp curves, but may be 
sympathetically transferred to outer rail. 
Observed limit of curvature 8-20 chains 
radius. 


JAPAN. 


Sper A. = Various patterns have been 
observed on straights, corrugation of right 
hand rail being opposite to the left hand 
rail. 


Type B. — Where the corrugation pattern 
is parallel. 


Type C. — Where the pattern is staggered. 


Type D. — Where one of the two (2) 
lines is worn horizontally. 


On curves report shows undulatory wear 
on inside rail more than on the outside 
one. 


BRITISH RAILWAYS. 
Not specified. 


EAST AFRICAN RAILWAYS. 


Undulatory wear occurs on each rail of 
straight and curved track. 
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SWEDEN. 


On straight track corrugation occurs on 
two (2) lines of rail with the same pattern 
— ellipitical bright spots. 

On curves, corrugations disappeared on 
inner rail, but remain on outer rail. 


Shapes of ellipses vary with the radius 
of the curve, ellipses gets thinner in shape 
with the decreasing radius of the curve. 

On curves with a radius of about 600 m 
(30 chains) the series of ellipses thus are 
transformed to a thin broken line on the 
middle of rail head. With a radius of 
300 m (15 chains) these lines have dis- 
appeared completely. 


NEW ZEALAND. 


Straight track; may occur on either rail 
only. On curves undulatory wear of the 
low leg not recorded. ‘This may be due 
to the fact that most of our traffic runs at 
below equilibrium speeds and hence the 
outside wheels would tend to slip. 


SOUTH AFRICAN RAILWAYS. 


Corrugations found on both rails of 
curves. Generally, not to a similar extent 
at similar positions found on outside of 
outer rail as well as on the top running 
surface. 


ASSOCIATED AMERICAN RAILROADS. 


Some on both rails. Sharp curves, cor- 
rugation noticeable on low rail, but not 
on high rail. 


EIRE. 


No noticeable difference. 


NEW SOUTH WALES. 


(a2) Both rails same for straights — more 
distinct on low rails of flat curves. 


(b) Principally low rail of curves. 


LONDON TRANSPORT. 


TypeA. Occurs on both rails of a 
curve, but appears quickly and is more 
pronounced on the outer rail. 
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Type B. — Occurs on either rails, but on 
sharp curves less than 10-chains radius, 
where check rails are fitted battering 
develops on the low rail. 


* * * 


QUESTION 5. 


In the case of wear known as « roaring 
rails », what is the range of the pitch 
and depth of undulatory wear? Does 
the pitch and depth vary with the aver- 
age speed of the trains that run over 
the line in question ? 


The range of pitch generally is between 
1 1/2 inches to 3 1/2 inches (4 to 9 cm) with 
depths varying to 0.015 inches with occa- 
sional extreme cases to as much as 
0.020 inches. India and the American 
Railways report a wider range of pitch, 


from 1 to 6 inches (2.5 to 15 cm). (India 
reports instances as low as 1/2 inch 
with varying depths in extreme cases 


to 0.025 inches. 


Majority of the authorities report no 
relationship, or very little relationship, 
between pitch, depth and the average speed 
of the trains that run over the section of 
the track in question. 


Victoria, South Africa and the American 
Railroads, admit no evidence in this regard. 
On the other hand New South Wales are 
very definite that pitch varies with the 
average speed — the higher the average 
speed the smaller the pich. No relation- 
ship between speed and depth has yet been 
found. 


INDIA. 


Pitch varies 0.5 to 6 inches with depths 
as much as 0.025 inches, no connection 
has been found between pitch and depth. 
Speed has no effect on phenomenon of 
corrugation, nor pitch and depth be related 
to speed. 


VICTORIA. 
Type A. — « Roarers. » — No evidence 
that pitch and depth vary with the 


speed of trains. Pitch varies between 
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0.25 and 3 inches. Depths vary between 
0.001 and 0.010 inches. 


JAPAN. 

Average speed of trains bears little rela- 
tionship to the pitch and depth of undula- 
tory wear. 


BRITISH RAILWAYS. 
No particulars. 


EAST AFRICAN RAILWAYS. 

Pitch varies 3/4 to 3 1/2 inches; depth 
mainly 0.003 inches to 0.006 inches, some 
up to 0.010 inches. No recorded relation- 
ship between pitch, depth and speed. 


SWEDEN. 


Do not specify any relationship between 
speed and amplitude. Pitch 45 mm 
(1.75 inches) with depths less than 1 mm 
(0.039 inches). 


NEW ZEALAND. 


Unable to define any relationship to 
speed. 


SOUTH AFRICAN RAILWAYS. 


Only occur on « Sorbitic » rails. Pitch 7 
to 10 cm (2 3/4 to 4 inches) depths 0.2 
to 0.4 mm (0.08 to 0.16 inches). No par- 
ticulars concerning relationship depth, 
pitch and speed. 


ASSOCIATED AMERICAN RAILROADS. 

No evidence that pitch and depth varies 
with the speed of trains. Range of pitch 
and depth | 1/2 to 6 inches and .005 inches 
to .012 inches respectively. 


Pitch and depth as above was found to 
occur in the same rail length. 
EIRE. 


Speed of train within limits does not 
appear to be a fact of any consequence. 
Very few measurements have been made. 


NEW SOUTH WALES. 


« Roaring » rails — pitch 2 to 3 inches 
with depths varying to 0.015 inches — pitch 


oo 2 
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and depth vary with average speed — 
at high average speeds pitch decreases. 


LONDON TRANSPORT. 


No information. 


Formation 
wear. 


es 


* * * 
QUESTION 6. 
and evolution of wundulatory 


Time between the laying of the 
track and the appearance of the first 
sign of undulatory wear. » 


Type A. — « Roarers. » — Corruga- 
tions — Victoria, Japan and New 
South Wales are the only Systems, 
which have given definite informa- 
tion regarding time between laying 
and the appearance of the first sign 
of undulatory wear. It varies 3 
to 12 months depending on_loca- 
tions, etc. India and Sweden have 
reported that corrugations are ob- 
served when rails were laid. These 
facts appear to be loosely given with 
very little evidence to back them up. 


Type B. — « Saddles. » — This undul- 
atory wear is reported to be in 
evidence, earlier than three (3) 
months in some locations. |New 
South Wales reports soft rails (low 
carbon) were replaced within fif 
teen (15) months of laying. ‘These 
were on 12 to 20-chains radius 
curves under multiple-vnit electric 
traction. 


(b) « The pattern of undulatory wear from 


its beginning and its growth. » 


Type A. — « Roarers. » — Very little 
data regarding pattern and growth 
has been submitted. It has been 
observed that a narrow shiny strip 
appears along the running surface, 
developing into scallop formation 
with shiny spots appearing and _ ulti- 
mately forming into transverse ridges, 
with very hard Martensitic peaks and 
dull surface troughs of softer metal. 
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Observations made by New South 
Wales indicate that softer rails cor- 
rugate at less rate than hard rails. 
No tests are available as yet to ascer- 
tain comparison of rate of growth 
of hard and soft rails. 


« Saddled » type — South Africa 
and New South Wales are the only 
countries commenting. South Africa 
reports that the crest of this type of 
undulatory wear commences between 
sleepers, whereas in New South Wales 
they follow no particular pattern. The 


mushrooming effect is fairly general — 


in the troughs. 


« Whether the existence of a joint has 
any effect on the regulatory of undu- 
latory wear waves. » 


Type A. — « Roarers. » — There is 
a diversity of opinion regarding the 
effect of fish joints on the regularity 
of undulatory wear. Although some 
Systems agree that joints have an 
effect, they in themselves are not con- 
sistent in their findings. Some re- 
port that joints promote corrugation, 
whilst others state that they iron out 
considerably for some distance to 
re-appear further along the rail. 
Regarding type B (Saddled) rails 

most of the countries concerned with 
this type are in accord with the find- 
ing that fish joints promote to some 
extent variation of frequency and 
depth of this type of undulatory wear. 
New South Wales System observes the 
depressions, in the early stages, deeper 
on the receiving side of the joint. Very 
pronounced « saddles » are apparent 
on the high rail of a curve about 5 feet 
in advance of the joints on the low 
rail. 


« Facts observed in connection with 
rails with undulatory wear that have 
been reversed. » 


Practically no information available 
concerning the effect of reversing or 
transposing corrugated or « saddled » 
rails. New South Wales has carried 
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out tests of re-using corrugated rails on 
sharp curves with good results. ‘These 
rails were corrugated to depths of 
0.015 inches and relaid in a_ single 
line on curves of 16-chains and 20- 
chains radius, some five (5) years ago 
and today the corrugations have almost 
entirely disappeared. 


(e) « Evolution of undulatory wear that 


started with accidental or artificial 
damage. » 
No information available, except 


New South Wales, concerning grinding 
and heat treatment. Grinding of these 
rails was carried out just below the 
original troughs and heat treated. The 
corrugation re-appeared in _ identical 
spots where original peaks existed, after 
three (3) months in service and has 
rapidly increased since. 

Welding F.B. or Thermit has caused 
distinct cupping either side of weld 
on rails after some considerable service. 
This effect is very noticeable in steam 
tunnels after eighteen (18) months. 
This effect is attributed to the altered 
metallographic structure due to weld- 


ing. Further undulations developing 
from these suppings are negligible. 
QUESTION 6. 
Formation and evolution of wundulatory 
wear : 


(a) Time between the laying of the track 
and the appearance of the first sign 
of undulatory wear; 


(b) The pattern of the undulatory wear 
from its beginning and its growth; 


(c) Whether the existence of a joint has 
any effect on the regularity of un- 
dulatory wear waves; 

(d) Facts observed in connection with 


rails with undulatory wear that have 
been reversed; 


(e) Evolution of undulatory wear that 
started with accidental or artificial 
damage. 


In particular, phenomena observed with 
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welded rails (electric, aluminothermic weld- 
ing, etc., welded rails of different metallic 
composition). 


* * * 
INDIA. 
(a) No data available — verbal evidence, 
however, shows corrugation appears 


soon after laying. 


(b) No record to show the growth of wear 
with time or traffic available. 


(c) Has no effect on the development. 
(d) Data not available. 


(e) No case on record. 


VICTORIA. 


(a) Type A. — « Roarers. » — No definite 
figures, but three (3) rails developed 


incipient corrugations after three 
months in service. 

Type B. — « Saddles. » — About 
twelve (12) months on one particular 
curve. 

(b) Type A. — « Roarers. » — Commences 


with formation of intermittent mar- 
tensitic bands. Increased by corro- 
sion in troughs and cold working 
of softer area between these bands. 

Type B. — « Saddles. » — No informa- 
tion available. 


(c) Type A. — « Roarers. » — Dipped 
joint or « high » welded joint causes 
corrugation to die away for appro- 
ximately 2 to 4 feet adjacent to the 
joint. Welded joint or fishplate 
joint, which is in good alignment, 
has no effect on regularity of cor- 
rugation. 


Type B. — « Saddles. » — Welded and 
fishplated joints in good condition 
do not affect this type of corruga- 
tion. 


(d) Types A and B. — No information. 
(ec) Types A and B. — No experience. 


JAPAN. 


(a) Appreciably noticeable 
twelve (12) months. 


within first 
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(b) Rails in undersea tunnel on concrete 
bed, six (6) months after laying show- 
ed gentle wear 1 m wave length 
0.5 mm (0.020 inches) deep, after 
two (2) years seven (7) months wave 
length 20 cm (8 inches) to 30 cm 
(12 inches) and depth of .3 mm to 
+5 mm (0.010 to 0.020 inches). 


(c) and (d) In tunnel above undulatory 
wear started from a rail joint. Joint 
was then staggered and different pat- 
tern of corrugation commenced. 


(e) No comment. 


BRITISH RAILWAYS. 


Definite comment only on 6 (c) which 
reads : 

Corrugation has been observed to start 
at the running end of a rail caused by the 
influence of the joint. Other incidents 
where corrugation commenced in mid-rail. 
There are also a large number of instances 
of wheel burns on rails where the vibra- 
tions set up by wheels passing over these 
depressions have not led to formation of 
corrugations. 


EAST AFRICAN RAILWAYS. 


(a) Varies — no accurate records. 
(b) No information. 

(c) No information. 

(d) Little or no effect. 


(e) No information. 


SWEDEN. 


(a) Corrugations appeared when the rails 
were being laid. 

(b) Amplitude of the wave decreasing dur- 
ing the fourteen (14) years in track. 
More rapid decrease on curves. 


(c) Joints have a_ visible effect on the 
corrugations which in most Cases have 
disappeared completely on the section 
of rail over the fishplates. 

(d) No experience. 


(e) No comments. 
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NEW ZEALAND. 


No comment. 


SOUTH AFRICAN RAILWAYS. 
(a) Three (3) months or earlier. 


(b) Reply refers more to saddled rails than 
to washboard corrugations. Troughs 
develop in the second half of the 
sleeper spacing in direction of traffic 
on double lines. The crests are found 
in the first quarter of the sleeper spac- 
ing on double lines (Down hill on 
single track). _Mushrooming towards 
outside on outer rail — generally very 
heavy on inner rail. 


(c) Particularly deep just beyond the rail 
joint in the direction of traffic. No 
irregularity in the change of depth 
along the rails — « Saddled types ». 


(d) Rails are not reversed. 


(e) Welding of joints gave some improve- 
ment. 


ASSOCIATED AMERICAN RAILROADS. 
(a) No information. 
(b) No information. 


(c) Only record was where undulatory 
wear was most noticeable in the vici- 
nity of joints and the leaving quarter 


of the rails — straight track, passenger 
traffic — Rails on the curve were not 
corrugated. 


(d) Transposing corrugated rails has a 
tendency to throw the wear on a dif- 
ferent portion of the rail and may 
result in some improvement. Rails 
transposed from high side to low side 
of curves appear to be particularly sub- 
ject to corrugation, due probably to 
heavy loading on low rail and narrow 
head. 


(ec) No information. 


EIRE. 

(a) No information. 

(b) No information. 

(c) Joints appear to have no effect, but in 
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(d) 
(¢) 


many cases corrugations begin or end 
at a joint. 


No information. 


Corrugations not associated with acci- 
dental or artificial damage. 


NEW SOUTH WALES. 
(a) Type A. — « Roarers » — vary three 


(0) 


(¢) 


to twelve months, depending on po- 
sition in track — straight, flat curve 
or grade. 


Type B. — « Saddles. » — Long — 
three to six months, depending on 
grade of track and hardness of rails. 
Low carbon rails were removed from 
the track after fifteen (15) months. 


Type C. — « Saddles. » — Short — 
concrete bed — visible after two (2) 
months. 


Type A. — « Roarers » — long shiny 
narrow spots — long centre head 
of rail then developing into  scol- 
lop formation, finally developing to 
transverse ridges highly polished and 
hard with tarnished coloured depres- 
sions between. 


Type B. — Indicated by high spots at 
long varying pitch with slight over- 
flow of metal along outside face of 
rail between these high spots, over- 
flow extends with growth. Texture 
of surface is uniform in appearance, 
with traces of the effect of wheel 
slip. 

Type C. — Indicated by the rough 
dull surface — appears intermittently 
in small patches along top surface 
of rail. 


Type A. — No definite pattern. 


Type B. — Fishjoints affect this type 
of wear. The depressions are inva- 
riably deeper on receiving side of 
joint. Cross joints, the saddle are 
very pronounced, about 5-foot lead 
to joint on opposite rails — due to 
oscillation of electric vehicles. 

Type C. — Yes, but with no definite 


pattern particularly noticeable on 
low rail. 
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HeypemeA: Corrugated rails with 
depth 0.015 inches recovered from 
straight track and re-used on curved 
track under 20 chains (4° 20’) radius. 
The corrugations had entirely dis- 
appeared ater five (5) years in ser- 
vice. Reversing of rails no 
information. 


Type B. — No information. 
Type C. — No information. 


Type A. — Corrugated rails ground and 
heat treated — the corrugations re- 
appeared in identical spots, where 
original peaks existed, in three (3) 
months and rapidly increased. 
Grinding of these rails was carried 

out just below the original troughs. 


In relation to welding electric flash 
butt and thermit, distinct cupping is 
evident either side of weld on rails 
after considerable service, particularly 
noticeable in tunnels after eighteen 
(18) months. 


LONDON TRANSPORT. 


(2) 


(2) 


(d) 


(¢) 


Type A. — Variable between a few 
days and twenty (20) months. 


Type B. — A few weeks. 


Type A. — Irregular unevenness de- 
velops slowly by increasing ampli- 
tude and adjustment of a more 
regular profile. 

Type B. — From the insertion the 
pitch of battering is not altered, but 
depths increase. 


Type A. — Joints appear capable of 
starting a fresh series of waves (i.e. 
of producing a discontinuity of the 
pitch). 

Type A. — No observations. 

Type B. — No observations. 


No observations. 


It is noticeable that the absence of joints 
in long welded rails reduce the liability 
to battering. 
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QUESTION 7. 


Have you compared rails having undula- 
tory wear with those which have none, 
taking as factors for such comparison : 


(a) « The wear of the head. » 


Very little information regarding 
this question — Eire reports headwear 
appears to be similar to uncorrugated 
rails. In New South Wales it has been 
observed that low carbon (soft) rails 
are less prone to corrugation (roaring) 
than harder rails. 


(b) « The age of the rails. » 


General opinion is that age of rail 
has no bearing on the issue. 


(c) « The frequency of broken rails. » 
Victoria and New South Wales are 
the only Systems with definite views on 
this question. Both have experienced 
trouble with fractures attributed to 
the « saddle » type of undulatory 
wear. New South Wales is concerned 
with fracture occurring along the web, 
particularly along the top and bottom 
fillets. Failures of this type are more 
frequent over concrete road bed under 

multiple unit electric rolling stock. 


Question 7. — Have you compared rails 
having undulatory wear with those which 
have none, taking as factors for such a 
comparison : 

(a) the wear of the head; 
(b) the age of the rails; 
(c) the frequency of broken rails. 


INDIA. 

No data available — although of the 
opinion that age of rail has little to do 
with the initiation of corrugations, they 
appear early in life of rail and tend to 
disappear after some time when adjacent 
corrugations meet each other. 


VICTORIA. 
(a) No. 
(b) No. 
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(c) « Roarer » type of corrugation. Lia- 
bility of rail failure is not influenced 
by this type of corrugation. 


« Saddle » type of corrugations. 
Rails affected by this corrugation have 
a higher incidence of failure, due prin- 
cipally to flow metal cracks. 


JAPAN. 


No comment. 


BRITISH RAILWAYS. 


No comment. 


EAST AFRICAN RAILWAYS. 


« No » to all three questions. 


SWEDEN. 


No observations on (a) and (b). 
(c) None broken. 


NEW ZEALAND. 
No data available. 


SOUTH AFRICAN RAILWAYS. 


No data available. 


ASSOCIATED AMERICAN RAILROADS. 
No information re’ (a) and (c). 


(b) One rolling at one head of rail in 
1942 found to have corrugations when 
inspected at the mill, due to chattering 
of the rolls. When placed in the track, 
the rail was ground immediately. 

The corrugations re-appeared in two (2) 
years — 40 miles per hour territory. 


EIRE. 


(a) Head wear appears to be similar to 
uncorrugated rails. 

(b) Corrugated rails are principally fairly 
old, but this may be due to the time 
required for this development. 


(c) Breakages unusual, but this is probably 
due to the very small proportion of 
rails on the System, which are cor- 
rugated. 
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NEW SOUTH WALES. 


No comparisons taken, but observations 
disclosed that rails with low carbon and 
manganese are less prone to corrugate than 
the harder rails. 


« Saddled » rails on hard concrete bed 
are very prone to fracture particularly in 
the web. 


LONDON TRANSPORT. 


No comparisons have been made. 


* * * 


Summary of Section II. 


INFLUENCE OF THE COMPONENT 
ELEMENTS OF THE TRACK 
UPON UNDULATORY WEAR. 


The composition and hardness of rails 
is a factor, which can influence the ten- 
dency to corrugations. Opinions are ex- 
pressed that rails, high in carbon, with 
high hardness value, are more prone to the 
« roaring » type of corrugation than soft 
rails. British and New Zealand Systems 
have only experienced this type of cor- 
rugation when rails have been surfaced 
hardened by « Sorbitising ». Under mul- 
tiple unit electric traction where « sad- 
dling » of rails occur, the incidence of 
undulatory wear is greater where rails are 
in the lower carbon range. 


The processing of rails such as rolling, 
straightening, etc., is not usually regarded 
as a contributing factor toward corruga- 
tion. This also applies to the weight, 
length and design of section of the rail. 
Corrugations are observed to occur in 
practically all weights and lengths of rails. 


South Africa has made reference to sec- 
tional properties and has reported tests, 
which show that increase in moment of 
inertia (generally accompanied by increase 
in weight) decreases the development of 
corrugations. This evidently refers to the 
« saddle » type of undulatory wear with 
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which South Africa is mainly concerned. 
Opinion has been expressed that with 
welding of rails some benefit has been 
derived, but evidence submitted does not 
support this. The use of check rails and 
the widening of gauge does not appear to 
give any benefit. 


No conclusive information has been sub- 
mitted regarding the influence of sleepers 
upon undulatory wear. Two Systems, 
which have commented on the question 
are in accord that corrugations are more 
pronounced over timber sleepers than those 
of steel or concrete. Victoria has reported 
carrying out tests by placing steel sleepers 
under a short section of track, which was 
severely corrugated, and has observed that 
the corrugations tend to die out over these 
sleepers. No mention is made of the dura- 
tion of tests. 


South African Railways, who are mainly 
interested in the « Saddle » type of 
undulatory wear has observed that a de- 
crease in the development of undulatory 
wear is evident where sleeper spacing is 
decreased. The minimum spacing 56 cm 
(22 inches) is limited by the need for 
maintenance space. 


Practically no investigation has been car- 
ried out by any of the System regarding 
the influence of ballasting on undulatory 
wear. Crushed stone and gravel is mainly 
used, sizes varying between 1 1/2 to 
2 1/2 inches (38-64 mm) with depths below 
sleepers 6 to 9 inches (15-23 cm). 


Very little evidence has been advanced 
regarding the influence of road bed upon 
undulatory wear. Reports have been re- 
ceived, however, that rails laid on timber 
sleepers in concrete under multiple-unit 
electric traction, develop the « saddle » 
type of undulatory wear more readily than 
on the conventional ballasted track. This 
condition has also been observed through 
level crossings, where rigidly supported. 


Fishplates and type of joint appear to 
have no influence upon undulatory wear. 
Tests have been carried out with square 
and staggered rail joints, but no change in 
pattern has been observed. 
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Section II. 


INFLUENCE OF THE COMPONENT 
ELEMENTS OF THE TRACK 
UPON UNDULATORY WEAR. 


QUESTION A. — 1. The rail. 


Is there any proof that the composition 
and method of fabricating the rails may 
influence the tendency to undulatory 
wear 2? 


(a) « Composition of the steel, its hard- 
Ness. » 

India, Victoria, Sweden, American 
Railroads and Eire report no definite 
information — British and New 
Zealand Systems have experienced 
« roaring » corrugations with « sor- 
bitic » rail. Other Systems are in 
accord that high carbon, hard rails, are 
more prone to « roaring » type cor- 
rugations than soft rails. Whereas soft 
rails under multiple-unit electric trac- 
tion « saddle » vary rapidly. 


(b) « Size of the ingot. » 

None of the Systems give any infor- 
mation regarding any influence the 
size of ingot may have on undulatory 
wear. 

(c) « Vibrations during rolling and trre- 
gular, non uniform cooling. » 

Practically no information except 
from India and Sweden, who report 
that vibration set up during rolling 
operations contributes to « roaring » 
type corrugations. Very little proof 
has been submitted from these two 
countries in this regard. 


(d) « Method used in straightening the 
rails after rolling. » 
No information submitted. 


(e) « Observations on segregation. » 
No information. 


INDIA. 
(a) No information. 
(b) No information. 
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(c) On some newly rolled rails observed 
presence of waves of pitch ranging 2 
to 54 inches up to 25 miles. 


(d) No information. 
(e) No information. 


VICTORIA. 

(a) Type A (Roarers). — No relationship 
observed. 

Type B (Saddles). — No relationship 

observed. 

(b) Type B (Saddles). — No relationship 
observed. 

(c) Type B (Saddles). — No relationship 
observed. 

(d) Type B (Saddles). — No relationship 
observed. 

(ec) Type B (Saddles). — No relationship 
observed. 

JAPAN. 


As a result of test mileage where one 
rail corrugated and an adjacent rail did 
not, it was considered corrugation occurred 
because of difference in properties of the 
two rails. 

No sign of decarbonisation observed in 
the non-corrugated rail, whereas it was in 
the side of head of the corrugated rail. 

Deformation of crystal grains on surface 

of rail head, in contact with wheel tread 
observed in corrugated and non-corrugated 
rail. Size crystal grains was small at the 
ridge and large at the grooves. 
Corrugated rail carbon content 0.65 % 
Non-corrugated rail carbon content 0.40 % 
Hardness top of corrugated rail greater than 
the one not corrugated. 


BRITISH RAILWAYS. 
« Sorbitised » rails prone to corrugate. 


EAST AFRICAN RAILWAYS. 


(a) to (e) No information. 


SWEDEN. 

Manufacturer of the rails in question 
admitted that corrugation was due to vibra- 
tions during rolling, and as corrugations 
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were observed immediately after the first 

trains had passed over them, corrugations 

were caused from the method. of fabrica- 

tion. 

(a) Med. Mang. (C—.5% to 6% an 9% 
to 1.10%). Tensile.75 kg/sq. mm — 
hardness 200 H.B. 


(d) No comments. 


NEW ZEALAND. 


(a) Yes — British rails treated by Sandberg 
(sorbitic) process give considerable 
trouble due to undulatory wear. 


(0) 
Gz oe buco 
(d o information. 


(¢) 


SOUTH AFRICAN RAILWAYS. 
ese 


(a) Stronger and harder rails corrugated 
and wear more slowly than softer rails, 
particularly the difference between Mar- 
tin and Thomas steel rails, the latter 
having a considerably lower hardness. 

(b) No information. 

(c) No information. 

(d) Gag straightening may leave initial cor- 
rugations. Should only have influence 
if they conform more or less to sleeper 
spacings. 

(e) Segregations make rail weaker, hence 
corrugations should be worse. 


ASSOCIATED AMERICAN RAILROADS. 


(a) to (e) No proof available. Locations 
recorded where undulatory wear has 
repeatedly occurred in rails of different 
rollings. 


EIRE. 


(a) to (e) No difference between rails as 
regards tendency to corrugate. 
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NEW SOUTH WALES. 


(a) Rails containing high carbon and man- 
ganese contribute to undulatory effect 
more so than low carbon rails. Soft 
rails under electric multiple-unit 
« saddle » vary readily. 


(b) No knowledge. 
(c) No verification of this fact. 
(d) No knowledge. 


(e) Undulatory rails sent for undulatory 
wear tests disclose no segregation. 


LONDON TRANSPORT. 


(a) Harder steels have more resistance, but 
no steel has been found proof against 
corrugations or batter. 

(b) No observations. 

(c) and (d) New rails with slight uneven- 
ness left from the rolling are thought 
to be more liable to corrugations. 


(e) No observations. 


* * * 


QUESTION A. — 2. Other Factors. 


(a) Weight and length of the rails, limits 
of elasticity, moment of inertia, form 
of the profile, and in particular the 
design (width, curvature, radii) of the 
running surface; 

(b) Use of welded rails; 

(c) Use of check rails; 

(d) Widening of the gauge. 


Information supplied by the various 
Systems on these questions do not supply 
anything conclusive regarding the influence 
of the factors covered by section (a) to (d) 
upon undulatory wear. It is observed that 
undulatory wear does occur on practically 
all weight of rails, also on any lengths. 
South Africa is the only System which 
makes any reference to the Sectional and 
physical properties having any influence. 
They report that tests show that increase in 
moment of inertia (generally accompanied 
by increase in weight) decreases the develop- 
ment of corrugations. 


This appears to apply to the « saddle » 
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type of undulatory wear, which is the only 
type which concerns that System. 


INDIA. 


(a) to (d) None of these elements by itself 
can be identified as having influenced 


corrugations. 
VICTORIA. 
i ee No rela- 
es tionshi 
(*) | Type B. obse a 
; — « Electric-Traction » pute? 


(b) No relationship observed. 


(c) and (d) Type A. — « Roarers » — 
check rails and gauge widening only 
to sharp curves, which are not affect- 
ed by this type of corrugation. 

Type B. — « Electrictraction. » — 
No information. 
Type C. — No influence. 


JAPAN. 

(a) Nothing conclusive. 
(c) | No comment. 

(@) 

BRITISH RAILWAYS. 


No comment. 


EAST AFRICAN RAILWAYS. 


(a) Rails affected are 80-lb. BS section 
40-feet long. 

(0) | Nil 

(c) | 

(d) Allowable gauge widening on curves 1° 
to 4°, nil; 5° to 8°, 3/8 inch maximum; 
9° to 16°,) 3/4 2nch maximum. 


SWEDEN. 
(a) Weight 41.18 kg/m length 20 m. 
(2) 


(c) | No comments. 
(a | 
NEW ZEALAND. 


(a) Undulatory wear found on all weights 
of rails — 56-lIb. to 100-Ib./yard, on 
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any type of formation. Rails generally 
flat bottom medium manganese. B.S.S. 
No. 11 spec. Lengths 42 feet generally. 


(b) Flash butt welded rails 252 feet used 
in main line. — No comments re’ 
effect on undulatory rails. 


(¢) 


No comments. 
(d) 


SOUTH AFRICAN RAILWAYS. 


(a) Tests show increase in moment of iner- 
tia decreases the development of cor- 
rugations. The lateral moment of- 
inertia is particularly important. 


(b) Welding of rails is beneficial to a 
small extent, as it eliminates joints. 
Welding of rails has not been possible 
due to sharp curves. 

(c) Check rails give some reduction to 
the depth of corrugation, but only if 
they have no joints as these lead to 
very deep corrugations. Long welded 
check rails are being tried where pos- 
sible. 


(d) Suggests tight gauge retards corruga- 
tion and wear. 


ASSOCIATED AMERICAN RAILROADS. 


No information. 


EIRE. 


(a) to (d) Factors mentioned appear to 
have no bearing on the incidence of 
corrugations. Corrugations never occur 
before some head wear and change of 
profile has taken place. 


NEW SOUTH WALES. 


(a) No data on hand — found on _ prac- 
tically all weights of rails 80 to 
107-lb./yard. Lengths single 40-foot 
to all lengths of welded rails. 

(b) Incidence rate of corrugation on weld- 
ed rails is no more than on loose short 
rails. 


(c) No information. 


(d) No apparent influence. 
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LONDON TRANSPORT. 


(a) and (b) No observations. 


(c) No information on corrugations, but 
the installation of check rails has re- 
duced battering. 


(d) No observations. 


* * * 


QUESTION B. — The sleepers. 
(a) Shape; 
(b) Material; 
(c) Spacing. 


Practically no conclusive information has 
been submitted regarding the influence of 
sleepers upon undulatory wear. Victoria 
and Japan are the only two Systems which 
have commented on the question and both 
are in accord that corrugations are more 
pronounced over timber sleepers than those 
of concrete and steel. 


Victoria reported carrying out a test, by 
placing heavy steel sleepers under a short 
section of track severely corrugated. It 
was observed that the corrugation tends to 
die out over these steel sleepers, No 
mention is made of duration of test. 


Spacing of sleepers varies from 22 to 
32 inches. 


INDIA. 


(a)\ None of these elements by itself can 
(b)\ be identified as having influenced cor- 
(c) } rugations. 


VICTORIA. 

(a) No experience. 

(b) Type A. — « Roaring corrugation » 
— on severely corrugated track wear 
dies out over a short test section of 
heavy channel steel sleepers. 


Type B. — « Electric-traction ». — 
No experience. 


(c) Type A. — « Roarers. » — No rela- 
tionship observed. 
Type B. — « Electric-traction. » — No 


relationship observed. 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


May 1958 


JAPAN. 


(a) No comments. 


(b) Corrugation greatest on timber sleepers 
and absence of tie plates has little to 
do with the frequency of the occur- 
rence of the corrugation. Concrete 
sleepers and bridge transoms the least. 


(c) Frequency of occurrence seems to be 
almost independent of the spacing. 


BRITISH RAILWAYS. 


No comment. 


EAST AFRICAN RAILWAYS. 


Types of sleepers only given. 
(a) Hollow section. 
(b) Steel. 
(c) 2-feet 8 inches maximum. 


SWEDEN. 


Redwood sleepers only used. Size 210 


<x 160 x 2600 mm. 
Sleeper spacing as 800 mm. 
No other comment. 


NEW ZEALAND. 


Australian hardwood 8 inches x 5 inches, 
7-feet long, also 9 inches X 4 1/2 inches 
<x 7-feet long, 2-feet 2 inches to 2-feet 
6 inches centres generally. 


No other comment. 


SOUTH AFRICAN RAILWAYS. 


(a) Not investigated. 

(b) Steel sleepers on steam line, timber 
on electrified line. (H.W. and Soft 
wood) 25.5 x 13 x 213 cm. Electrified 
lines. 

(c) Reduced spacing decreases development 
of corrugations. Spacing 56 cm mi- 
nimum. 


ASSOCIATED AMERICAN RAILROADS. 


No information. 


ene ee 
o. 
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EIRE. 


Corrugated rails occur on all types of 
timber sleepers; on which the spacing is 
all more or less similar. 


NEW SOUTH WALES. 
No investigation carried out. 
(a) 9 inches X 41/2 inches “x * 8-feet 
long. 
(b) Hardwood. 
(c) 2-foot 1 inch centres. 


LONDON TRANSPORT. 
(a) and (b) No observations. 


(c) Type A. — Appear to have shorter 
pitch on longitudinal timber track 
than with cross sleepers and, in 
general, appear more severe on 
rigid track. 

Type B. — Appear to be synchronised 
by the sleeper space. 


QUESTION C. — The Ballast. 


(a) Material; 
(b) Size; 
(c) Thickness of the layer of ballast. 


Practically no investigations have been 
carried out by the various Systems regard- 
ing the influence of ballast on undulatory 
wear. 

Japan has reported incidence of corruga- 
tions very high on concrete bed, next high- 
est on crushed stone, followed by screen- 
ed gravel, unscreened gravel much less and 
slag very small. They also observed that 
the greater depth of ballast the more fre- 
quent undulatory wear occurs. 

Other Systems report crushed stone and 
gravel, size varying between 1 1/2 inches 
to 2 1/2 inches. The depth of ballast 


below sleepers varies from 6 inches to 
9 inches. 

* * * 
INDIA. 


(a) \None of these elements by itself can 
(b) }be identified as having influenced cor- 
(c) )rugation. 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


771/25 
VICTORIA. 


a 
(b) }No relationship observed. 


(¢) 


JAPAN. 


(a) Incidence of corrugation very high on 
concrete road bed. Next highest on 
crushed stone, followed by screened 
gravel, unschreened gravel much less 
and slag very small amount. 


(b) Effect of size of ballast is not known. 


(c) Greater depth of ballast the more fre- 
quently undulatory wear occurs. 


BRITISH RAILWAYS. 


No comments. 


EAST AFRICAN RAILWAYS. 


Ballast, stone 2 1/2 inches (6.3 cm) maxi- 
mum 11 inches (28 cm) deep nominal. 


No other comments. 


SWEDEN. 


The ballast is sand and gravel and has 
a depth of 50-60 cm (20-24 inches). 


No other comments. 


NEW ZEALAND. 


No comments. 


Crushed stone or gravel 1 
9 inches deep under sleeper. 


1/2 inches; 


SOUTH AFRICAN RAILWAYS. 


Effect not investigated. 
(a) Ballast used crushed stone. 
(b) 6.3 cm (2 1/2 inches). 
(c) 34 cm (13 inches) deep to top of 
sleeper at centre of track. 


ASSOCIATED AMERICAN RAILROADS. 


No information. 


EIRE. 


They occur on stone or gravel ballast. 
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NEW SOUTH WALES. 
No investigation carried out. 
(a) Ballast on main line. 
(b) 1 1/2 inches (3.8 cm). 
(c) 6 inches minimum below sleepers. 


LONDON TRANSPORT. 
ea) 
(b) | No observations. 


(c) ) 


* * * 


QUESTION D. — The Bed. 


Very little evidence has been submitted 
regarding the influence of road bed upon 
undulatory wear. Victoria reports that 
the « Roaring » types of corrugation are 
not usually affected by rigid bed. Whereas 
with the « saddled » type of undulatory 
wear, the rails rigidly supported in level 
crossings, etc., are very much affected. New 
South Wales and India have not found 
any conclusive features that road bed for- 
mation is a contributing factor towards the 
« roaring » type of corrugations. It has 
been found, however, that rails laid on 
timber sleepers in concrete, under multiple- 
unit electric traction develop the « saddle » 
type of undulatory wear more readily than 
on conventional ballasted track. South 
African Railways, who seem to be more 
troubled with the « saddled » type of 
undulatory wear, also concurs with this 
observation. 

British Railways report certain places in 
the track are known to be liable to cause 
corrugations, since successive supplies of 
rails have corrugated when laid in these 
positions. It is considered that the cause 
may lie in the geological formation beneath 
the ballast. 


INDIA. 


This element by itself cannot be identi- 
fied as having influenced corrugations. 


VICTORIA. 

Type A. — « Roaring corrugation. » — 
Rigid beds not usually affected by this 
type of corrugation. 
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Type B. — « Saddles. » — The rails rigidly 
supported in level crossings, etc., are 
liable to this form of wear. 


JAPAN. 
No comment. 


BRITISH RAILWAYS. 


Consider geological formation beneath 
ballast may be main cause as certain places 
in the track are known to cause corruga- 
tion. Successive supplies of rails corrugat- 
ing in the same track positions. 


EAST AFRICAN RAILWAYS. 


Decomposed clay shale in worst parts 
near the Coast. 


No other comments. 


SWEDEN. 
Bed good quality and well drained. 
No other comments. 


NEW ZEALAND. 


No comment. 


SOUTH AFRICAN RAILWAYS. 


Corrugations seem more numerous on 
harder bed in rock cuttings. Corrugated 
curves are located in mountainous country. 
(This mainly concerns « saddle » type 
undulations.) 


ASSOCIATED AMERICAN RAILROADS. 


No information. 


AIRE: 


They occur on soft or hard formation. 


NEW SOUTH WALES. 


Road bed formation has not been found 
a contributing factor to the « roarer » 
type corrugations. Rails on concrete bed 
under multiple-unit electric traction on 
sharp curve, « saddle » more readily than 
over ballasted track. 


LONDON TRANSPORT. 
No observations. 


Re | 
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QUESTION E. — The Joint. 
(a) Supported; 
(b) Overhanging; 
(c) Square or staggered. 

Practically no information is derived 
from replies to the question of type of 
joints, if they have any influence upon 
undulatory wear. New South Wales, Eire 
and South Africa have reported that with 
square or staggered joints, there is no 
noticeable change in undulatory pattern 
observed. 


INDIA. 


(a) \None of these elements by itself can 
(b) \be identified as having influenced cor- 
(c) } rugations. 


VICTORIA. 
(a) 
(b) 
(c) 
JAPAN. 


No comment. 


No relationship observed. 


BRITISH RAILWAYS. 


No comment. 


EAST AFRICAN RAILWAYS. 


(a) None. 

(b) Sleeper spacing 9 inches. (23 .cm) -—= 

(c) square on straight, staggered on curves. 

SWEDEN. 

(a) JJoints supported with one sleeper under 

(b){the gap between the rails and one 
sleeper under each end of the fish- 
plates. 

(c) No comment. 


NEW ZEALAND. 

(a) No supported joints. 

(b) Overhanging standard. 

(c) Square joints. 

SOUTH AFRICAN RAILWAYS. 
(a) Not investigated. 
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(b) Overhanging joints. 
(c) Joints are square; staggering gave no 
improvement. 


ASSOCIATED AMERICAN RAILROADS. 
(4) 


(b) ‘No information. 
(c) 
EIRE. 


Corrugations occur with supported, over- 
hanging, square or staggered joints. 


NEW SOUTH WALES. 


(a) Some in service. 


(b) Overhanging now in use. No investiga- 
tion in respect to undulatory wear. 


(c) Both square and staggered in use. No 
noticeable change of undulatory pat- 
tern observed. 


LONDON TRANSPORT. 


No observations. 
* * * 


QUESTION F. — Fishplates. 
Types. 

No information has been supplied con- 
cerning fishplates being identified as hav- 
ing influenced corrugations. 

INDIA. 

This element by itself cannot be identi- 
fied as having influenced corrugations. 
VICTORIA. 

No relationship observed. 

JAPAN. 


No comment. 


BRITISH RAILWAYS. 
No comment. 
EAST AFRICAN RAILWAYS. 


2 hole and 4 hole standard plate. 
al eos 


80-1b. 


SWEDEN. 
Angle fishplates used. 915 mm length. 
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NEW ZEALAND. 
4 hole fishplates. 


SOUTH AFRICAN RAILWAYS. 
Not investigated. 


ASSOCIATED AMERICAN RAILROADS. 


No information. 


EIRE. 


Occur on different type of fishplates 
without any apparent difference. 


NEW SOUTH WALES. 


Both angle and strap plates are in use 
— no noticeable change in undulatory pat- 
tern observed. 


LONDON TRANSPORT. 


No observations. 
* * * 


Summary of Section III. 


INFLUENCE OF FACTORS 
EXTRANEOUS TO THE TRACK. 


Particulars concerning types of rolling 
stock and its construction (Question A) 
reported by South Africa, London Trans- 
port, New South Wales and Victoria are 
shown in Table 1. The information sup- 
plied by these authorities appears to be too 
varied to be of much assistance in asses- 
sing the extent of influence on undulatory 
wear. 

It is generally expressed that the growth 
of both types of undulatory wear is affected 
by the frequency of service. Some doubt 
exists, however, regarding the effect of 
speed on the growth of undulatory wear. 
India, Japan, London Transport and New 
South Wales affirm this fact, whilst Vic- 
toria, East Africa and Eire are of the opi- 
nion that speed has no effect whatever. 

Most countries have reported that humi- 
dity and damp atmospheric conditions are 
influencing factors in the growth of cor- 
rugations. This is particularly noticeable 
in or at the entrances to tunnels, where 
steam traction predominates. 
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Very little information has been  sub- 
mitted by any of the Authorities regarding 
influence of combinations due to factors 
such as type of traction, type of drive, axle 
loads, etc., but it is generally acknow- 
ledged that these do play very important 
parts in the formation of the types of 
undulatory wear. The « roarer » type of 
wear is usually associated with steam trac- 
tion and the corrugation develops more 
rapidly on track where the proportion of 
lightly loaded goods vehicles is high com- 
pared with those with full tonnage loads. 
With the « saddle » type no difference 
is found as this type is normally associated 
with multiple unit electric passenger trac- 
tion with more or less uniformity of 
loadings. 

Corrugations of the « roaring » type 
are observed to vary on adjoining track, 
which can be attributed to the proportion 
of light and heavily loaded vehicles on 
each track. 


No appreciable difference is observed of 
« saddle » type of wear on adjoining Up 
and Down tracks, except on grades. 


« Roaring » type undulatory wear is 
affected where regular braking is applied. 
Such braking minimises growth and _ this 
is most apparent through Station platform 
roads, even where only a few trains stop 
each day. « Saddle » type of wear also 
dies out through Stations where on straights, 
but braking on curve tends to promote 
this type of undulatory wear. 


On single line, where « roarer » type 
of corrugation occurs the pattern is not 
so clearly defined as in the case of one 
direction track. 

The opinion expressed by the various 
Authorities regarding the effect of gradient 
on undulatory wear, differs to the extent 
that no conclusive finding can be reached. 
On the New South Wales System « roarer » 
type wear on straight single track is similar 
on level and flat gradings, but varies on 
double track. Where gradients are steep 
and long, corrugations do not occur to 
the same extent, probably due to braking 
and slipping. With « Saddle » type of 
undulatory wear, gradient on curves does 
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have an effect and it is apparent that 
growth is influenced by both acceleration 
and braking. In New South Wales, the 
effect is most pronounced on the low rails 
of curves when on a rising grade. 


QUESTION A. 


Factors concerning the type of rolling stock 
and its construction. 


(a) Type of traction (steam, electric, 
motor units); 

(b) Type of drive (direct, gears, rods); 

(c) Mass and power of the motors; 

(d) Axle journals (bearings, roller bear- 
ings, dimensions, diameter and 
length); 

(e) Diameter and profile of the tyres; 

(f) Type of and material used for the 
brake shoes; 

(g) Type of shock absorbers and vibra- 
tion dampers; 

(h) Arrangement and spacing of the 
driving and carrying wheels; 

(i) Weight and distribution of the loads 
on the axles; 

(j) Effect of loaded and empty vehicles; 

(k) Ratio of the non-suspended weight 
to the total weight of the vehicles. 

INDIA. 


(a) to (k) No information to say how fac- 
tors mentioned affect undulatory wear. 


VICTORIA. 


ype « A >», — « Roarer type » ~— cor 
rugations occur on lines with goods traf- 
fic only, as well as normal main lines. 
It is not possible to relate the type of 
rolling stock which have an influence 
on formation of this type of corrugation. 


Type « B ». — With electric traction — 
electric multiple-unit passenger coaches. 
Details of rolling stock associated with 


Type « B » undulatory wear are shown 
in Tabulation 1. 
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JAPAN. 


(a) Survey 1957 disclosed that undulatory 
wear seemed to occur more where elec- 
tric cars are operating. 


Electric Traction. Undulatory 
wear 40 to 50 cm pitch 1.5 mm depth. 

Impact with electric cars was greatest, 
electric locomotives and empty freight 
cars next and that of loaded freight 
cars, especially 2 axle was the smallest. 
Similar surveys over steam track — 
30 cm pitch, depth 1 to 2 mm disclosed 
impact was great with locomotive pas- 
senger cars and light axle loaded freight 
cars, whereas it is small with freight 
cars of heavy axle loads. 


Locomotives and wheels of small 
axle loads cause oscillation of a large 
amplitude. Wheels of large axle loads 
cause oscillation of small amplitude. 
Whereas both passenger trains and 
electric multiple units cause oscilla- 
tion of large amplitude. 


(2) 

(c) \No comments. 

(d) 

(e) Is affected by wheel profile with 1 in 
10 slope. Undulatory wear occurs 
little on curves and for most part and 
straights. 

Horizontal wheel tread wear is con- 
fined to curves, mainly to inside rail. 

(f) No comments 

(g) If vibration damper is installed along 
with the spring, will greatly retard 
undulatory wear. 

(h) Observed short wheel base vehicle, 


such as driving wheels of locomotives 
aggravate undulatory wear. 


(:) No comments. 


(j) Impact greater with empty cars than 
with loaded cars with great axle loads 
— 2 axle freight cars with great axle 
load is the least. 

(R) Rolling — stock, whose non-suspended 


weight is great. cause a heavy impact. 


TABULATI 


Influence of factors extraneous to the track. F 


Railway 


(a) 


Steam : 


Type of traction 


(b) 


Type of drive viz. direct, gears, et 


Steam : 


Multiple units 
4 motors equipment 


Suburban and interurban 


Electric : 
Multiple unit 
2 motors equipment 


20 km Rod drive 
Single track 
South 
African 
Electric : Electric : 
250 km Hose suspended with single 
Double and single track reduction gears 
London Electric : Geared 
Transport Multiple unit stock 
Steam : Steam : 
No information No information 
Victoria 
(Australia) Electric : Electric : 
Multiple unit stock Gears 
Steam : Steam : 
38 Class 38 Class 
Rod 
Steam : Steam : 
60 Class 60 Class 
Rod 
New South Wales 
(Australia) 
Electric : Electric : 


4 motors gear and pinion 


Electric : 


2 motors — gear and pinion 


, 


ION Wi. 


rning the type of rolling stock and its construction. 


(c) 


Mass and power of the motors 


(d) 


Axle journals, bearings - diameter and length 


eam : Steam : 


Class 15 AR tractive force (75 %) 15 370 kg Class 15 AR Leading bogie: 138 x 267 mm 
ass GMAM Garratt force (75 %) 27 540 kg » Coupled axle : 216 x 267 mm 
» Coupled driver : 229 x 267 mm 
» Trailing bogie: 152 x 311 mm 
» GMAM Garrat - Roller bearings 


Electric : 
Class 1 E 140 x 279 mm and roller bearings 
Class 5 E Roller bearings 
Class 4 E Roller bearings 


lectric : 

Class 1 E Mass 4 000 kg - 300 HP - 4 motors 
Class 5 E Mass 4 230 kg - 500 HP - 4 motors 
Class 4 E Mass 5 340 kg - 505 HP - 6 motors 


ube stock : 3 200 Ib. - 80 HP Roller bearings. Tube stock 5 1/2" 


arface stock : 3 700 Ib. - 80 HP 


Steam : 
No information 


feam : 
No information 


Electric : 


lectric : 
9” x 5 1/2" diameter — white metal 


Weight of motor 2-ton 12-cwt. 
Power — 146 HP (1 hour) 


Steam : 
38 Class : Bogie 160 mm diameter 
Driving 10 1/2” diameter 
Leading and trailing 9 3/4” diameter 
Trailing truck 160 mm diameter 
Roller bearing 


Steam : 
60 Class : Bogie 180 mm diameter 
Coupled wheels 225 mm diameter 
Roller bearing 


Electric : 
4 motors — 130 mm 
roller bearings 


jlectric : 
4 motors — weight 2-ton 
per motor — 1 hour rating 
190 HP — continuous rating 
160 HP — 4 motor/car 


Electric : 
2 motors — 5 1/2" diameter x 11” long 
plain bearings 


Slectric : 
2 motors — weight 2-ton 
per motor — | hour rating 
350 HP — 2 motors per car 


: 


TABULATIC 


Influence of factors extraneous to the track. F; 


(e) (f) 
Railway | 
Diameter and profile of the tyres Type of material used for brake sho 
ee i hl 
Standard profile 1 in 20 Brakes are clasp type cast iron block 
Tread diameter bearing on coupled or driving whee 
only 
Steam : Steam : 
Class 15 AR Leading bogie: 724mm Class 15 AR has steam brakes 
Coupled wheel : 1 448 mm engine 
South Trailing bogie: 838 mm Vacuum brakes on tender 
African Class GMAM Outer bogie : 762 mm Class GMAM Garratts and electric 
(Garratts) Coupled wheels : 1372 mm engines have Vacuum brake 
Inner bogies : 762 mm Electric also have regenerative brakii 
Electric : 
Class 1 E All wheels : 1016 mm 
Class 5E All wheels : 1 016 mm 
Class 4 E Truck wheels : 762 mm 
Driving wheels : 1 196 mm 
mubeistockisas ia Non-metallic brake block held in 
London Surface stock : 36” brake head by key 
Transport 
Victoria Steam : No information Steam : No information 
(Australia) Electric : Diameter : 3’ — 6 1/4 Electric : Cast iron 
Steam : Steam : 
38 Class : Bogie : : 38 Class : Single shoe flanged 
Coupled wheel : : Cast iron 
Trailing truck : # 
Special profile near ANZR Std. 
Steam : Steam : 
60 Class : Bogie : : 60 Class : Single shoe flanged 
Coupled wheels : Cast iron 
Special profile near ANZR Std. 
New South Wales 
(Australia) 
Electric : Electric : 
4 motors — 37 diameter 4 motors : Clasp flanged 
Wheels ANZR Std. Cast iron flangeless 
Tyre profile — 5" wide non-metallic 
Electric : Electric : 
2 motor S 2 motors : Clasp flanged 
42" diameter wheel ANZR Std. Cast iron flangeless 


Tyre profile 5" wide Non-metallic 


~~ 
* 
a 


TION III. 


rning the type of rolling stock and its construction (continued). 


(g) 


- Type of shock absorbers 
and vibration dampers 


(h) 


~ Arrangement and spacing of the driving and carrying wheels 


‘eam : 
No shock absorbers or vibration 
ampers fitted. 


lectric : 
1 E — No shock absorbers 
4 E — Have rubber springs 
5 E — As vibrator dampers 


Steam : 
Class 15 AR : Arrangement 2.D.1. spacing front to back : 
1880-- 1 295 - 1 270-1 270-1 270-2 514mm 
Class GMAM : Arrangement 2.D.1. plus 1.D.2 
Spacing front to back: 2083-1 295-1473-1448-1473 - 
1 473 - 7 823 - 1 473 - 1 473 - 1 448 - 1 473 - 1 295 - 2083 mm 


Electric : 
Classe 1 E : Arrangement Bo plus Bo 
Spacing : 2 819 - 3 785 - 2819 mm 
Class 5 E : Arrangement Bo plus Bo 
Spacing : 3 429 - 4 420 - 3 429 mm 
Class 4 E : Arrangement 1 Co plus Co 1 
Spacing : 2 205 - 2 337 - 2 286 - 4 724 - 2 286 - 2 237 - 2205 mm 


Distance between pivot centres : 10 795 mm 
ube stock : Rubber suspension on Nil 
xle and bolster. Transverse and 
ertical shock absorber used for 
olster. 
urface stock : None. 
‘team : No information Steam : No information 
jlectric : None Electric : Axle spacing each bogie : 8’ 6" 
team : Steam : ii 
38 Class : Laminated spring 38 Class : <6-6 
compensated with helical spring Pacific 4-6-2 Q G) @) 
anchorage. t — a ae ; 
8.761 6-1 9'5> 
33-3 
steam : Steam : 
60 Class : None fitted 60 Class : 7 > 


Electric : 
4 motors 
Hydraulic telescopic 


Electric : 
2 motors 
None fitted 


wis © ODOODM eo 


97:8" Total Wheel base 


Electric : 


4 motors -B-B 
OP 
eens 70. 45-0" oo 
Inter 45-6" 
Electric : 


2 motors -2-B 


10 


TABULATIO 


Influence of factors extraneous to the track. Fz 


: (i) 
Railway 
Weight and distribution of the loads on the axles 
| 
Steam : 
Class 15 AR: Total weight : 36 399 kg 
Axle loads from leading axle : 8 283 - 8 283 - 16 922 - 16 566 - 16 973 - 16 820 - 12 552 
Class GMAM (Garratts) : Total : 194526 kg 
Axle load from leading axle : 11078 - 11 078 - 15 143 - 15 656 - 15 550 - 15.093 - 
13 060 - 13 365 - 15 448 - 15 855 - 15 956 - 15 448 - 10 900 - 10 900 kg 
South 
Africa Electric : 
Class 1E: Total weight : 67 960 kg — Axle loads : 4 x 16990 kg 
Class 5E: Total weight : 84 864 kg — Axle loads : 4 x 21216 kg 
Class 4E: Total weight : 157530 kg — Axle loads from leading axle : 
131212 > Sie 1°851 — SRse 21/851 es 21a ke 
London Tube stock : 8.3 — 5.3 — 10.9 — 7.75 tons 
Transport Surface stock : 10.5 — 6.75 — 14.15 — 9.65 tons 
Victoria Steam : No information 
( Australia) Electric : Tare axle loads — 12-ton 11-cwt. 
Steam : 
38 Class i \ 
MAIN 
17 Ton t DRIVER i 77 Ton 
Steam : 
60 Class | | 
MAIN 
New South 
Wales h DRIVER 
(Australia) 8 Jon t 8 Jon 
Electric : 4 motors | | | 
/ 
Sub 647on 64 Toh 
/NTER © TON ] 6 Ton 
Electric ; 2 motors | | | 


7-5 Tow n 7-o On 


ION Ill. 


rning the type of rolling stock and its construction (continued). 


(j) 
Effect of loaded and empty vehicles 


(k) 


Ratio of the non-suspended weight 
to the total weight of the vehicle 


ee EEE UII EIE UES E SSIES 


ot investigated. It would appear that the use of 
large number of similar heavily loaded vehicles 
ntributes to the development of corrugations, 
aded bogie truck, 18-ton per axle, are generally in 
e Down hill direction, in the Up hill direction the 
ads are about 28 per cent lighter. Tread diameter 
truck wheels is 864 mm. 


Steam : 
Class 15 AR: 18.9 per cent 
Class GMAM : 19.4 per cent 
Electric : 
Class 1B: 24.9 per cent 
Class 5E: 23.4 per cent 
Class 4E: 24.6 per cent 


Trucks unknown 


Tube stock : 0.22 
Surface stock : 0.20 


‘eam : No conclusion 
lectric : No conclusion 


Steam : No conclusion 
Electric : No conclusion 


Steam : 38 Class : 0.216 


Steam ; 60 Class : 0.18 


Electric : 4 motors 
Suburban : 0.193 
Interurban : 0.21 


Electric : 2 motors 
Motor bogie end : 0.23 
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BRITISH RAILWAYS. 


No comments. 


EAST AFRICAN RAILWAYS. 
(a) Steam. 
(b) Rods. 


(c) to (h) Various types of 
but mainly « Garrets ». 


(‘) Up to 18 ton on locomotives. 
13 ton on rolling stock. 


(j) and (k) No information. 


locomotives, 


Up to 


SWEDEN. 

Content that corrugation is not influenc- 
ed by factors extraneous to the track. 
NEW ZEALAND. 


(a) Steam traction, short lengths of elec- 
trification —- now dilieselisation on a 
wide scale — suburban electric multiple 
units on short sections. 


(b) Gears. 


(c) English electric 660 HP to 1500 HP 
and General Motors G, 12 Diesels used 
on main lines. Duration of the Die- 
sel Electrics is too short to compare 
with effects of the steam traction. 


(d) to (k) No comments. 


SOUTH AFRICAN RAILWAYS. 


See Tabulation 1. 


ASSOCIATED AMERICAN RAILROADS. 


No information relative to effect of these 
factors on undulatory wear. 


EIRE. 
(a) to (k) No data available. 


NEW SOUTH WALES. 
See Tabulation 1. 


LONDON TRANSPORT. 


See Tabulation 1. 


QUESTION B. 


Effect on the growth of undulatory wear of; 
(a). —- Frequency of the services. 


General opinion is that undulatory 
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growth depends on frequency of service. 
This applies to both types of undulatory 
wear. 


(b). — Speed of the trains. 


The opinions are very divided on this 
question. India, Japan and New South 
Wales state that speed does contribute, 
whilst Victoria, East Africa and Eire are 
of the opinion that speeds over 30 miles 
per hour are of no consequence. 


INDIA. 


(a) Exact data not available — rate of 
progression of corrugation appears to 
depend on frequency of traffic, but 
initiation of corrugation apparently 
independent of it. 


(b) Speed appears to accelerate the pro- 
gress of wear. 


VICTORIA. 
« Roaring » Rail Type. 


(a) Depth more apparent on frequent ser- 
vice than on light traffic lines. 


(b) No relation to train speed. 


Electric Traction Type. — No com- 
ment. 


JAPAN. 


(a) Depends on frequency of service. 
(b) Speed 
wear. 


effects growth of undulatory 


BRITISH RAILWAYS. 


No comment. 


EAST AFRICAN RAILWAYS. 


(a) Up to twenty (20) trains a day. 


(b) Maximum 40 miles per hour 
— average 15 miles per hour. } 


No other comments. 


SWEDEN. 


No comments. 


a 


Vea 
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NEW ZEALAND. 


(a) Frequent multiple-unit electric service 
discloses no appreciable tendency to 
undulatory wear, as compared to ge- 
neral steam service. 


(b) No comment. 


SOUTH AFRICAN RAILWAYS. 


(a) Growth of corrugation is relative to 
volume of traffic. 


(b) Not investigated. 


ASSOCIATED AMERICAN RAILROADS. 
No information. 


EIRE. 

(a) Occurs principally where traffic is 
light — to say twenty-four (24) trains 
per day. 


(b) No factor of consequence over, say, 
30 miles per hour. 


NEW SOUTH WALES. 
(a) Undulatory growth is proportional to 
the frequency of service. 


(b) Higher speed contributes to a more 
rapid growth of undulation. 


LONDON TRANSPORT. 

(a) No observations. 

(b) The higher the speed the longer the 
pitch of corrugations, but braking and 
acceleration appear to be more impor- 
tant than speed in producing corruga- 
tions. 


* * € 


QUESTION C. — The Surroundings. 


(a). — Humidity (neighbourhood of water- 
ing places, industrial plants, proximity of 
the sea, tunnels, etc.). 


Owing to the diversity of opinions ex- 
pressed on this question, no reasonable 
conclusions can be reached. 

(b). — Level of the water table. 


Replies so variable that no conclusive 
finding can be reached. 
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INDIA. 


(a) No record of corrugation existing in 
desert areas, therefore, it appears that 
humidity is a factor in promoting un- 
dulatory wear. 

(b) No effect. 


VICTORIA. 


(a) Bears no relationship. 
(b) Due to greater corrosion the ‘Type 


« A » corrugation is most severe on 
banks over swampy grounds. 
JAPAN. 


(a) Frequency much greater in tunnels. 
(b) No comment. 


BRITISH RAILWAYS. 


(a) Particularly liable to occur in or close 
to mouth of tunnels, traversed by 
steam trains and at watering troughs. 
No unusual liability to corrugation has 
been observed on rails in proximity to 
sea or in industriel areas. 


EAST AFRICAN RAILWAYS. 


(2) Humid over sea, but mainly dry 
country. 

(b) Varies very considerably. 

SWEDEN. 


No comment. 


NEW ZEALAND. 

(a2) Undulatory wear more frequent where 
damp atmosphere conditions exist. 

SOUTH AFRICAN RAILWAYS. 


(a) Not investigated — corrugation re- 
ported to be a little worse in cuttings. 

(b) Not investigated — water table low 
on these lines. 


ASSOCIATED AMERICAN RAILROADS. 


No information. 


ELIE, 


(a) Mainly rural. — Sea air does not 
appear to effect incidence. 

(b) Normally 18-feet below rail level is a 
minimum. 
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NEW SOUTH WALES. 


(a) Humidity, etc., is not considered to 
contribute to undulatory wear to any 
extent, as undulations also occur on 
far west areas. 


(b) No comment. 


LONDON TRANSPORT. 


(a) Corrugations and battering occur more 
frequently in tunnels than in the open. 


(b) No observations. 


* * * 


QUESTION D. — Homogeneous 
or diverse traffic. 


(a). — Combinations due to the factors 
collected under A.a), b), 1) and B.a) 
and )b). 


No information available from any of 
the Systems except New South Wales, who 
reports as follows : 


« Roaring Type » of undulations, occur 
under steam traction — rod drive. Cor- 
rugation of this type develops very rapidly 
on high speed tracks where lightly loaded 
vehicles predominate. Frequency of service 
and speed of train influences rate of 
growth. 

« Saddle » type occurs under electric 
multiple-unit traction — with intermediate 
gearing between motor and axle — nose 
suspended motors axle load 14-ton. Fre- 
quency of service at comparatively low 
speeds appear to be one of the main factors 
in this type of wear. Varying degrees of 
« saddling » are evident on Sections where 
concrete road bed exists. 


(b). — Observations made on 
tracks and in the stations. 


adjoining 


« Roaring » type generally observed to 
vary on adjoining tracks. This could pos- 
sibly be attributed to proportion of light 
and heavily loaded vehicles on each track. 
Corrugation not apparent through station 
platform except « through » running tracks. 

« Saddle » type — no appreciable varia- 
tion apparent except where rising or falling 
grade. Undulations die out through Sta- 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


May 1958 


tions where on a straight, although they 
appear on a curved approach (braking) 
and leaving (acceleration) Station platform. 


(c) — Has wear been found to differ 
when there is certain particular types 
of traffic, for example; express  pas- 
senger trains, freight traffic, passenger 
traffic, local traffic with frequent acce- 
lerations and braking ? 


Undulatory wear has been found to 
differ under various types of _ traffic. 
Type « A » mainly associated with steam 
traction, the corrugations develop more 
rapidly on tracks where the proportion of 
lightly loaded goods vehicles is high com- 
pared with those with full tonnage loads. 
With type « B » undulatory wear, no dif- 
ference is found as this type is mainly 
associated with multiple-unit electric trac- 
tion. 


Undulatory wear is affected where fre- 
quent braking is applied. On steam roads, 
braking minimises growth whilst under 
electric traction the tendency is to promote 
growth. 


(d). — Does the frequence and _ develop- 
ment of undulatory wear differ accord- 
ing to whether it is a case of single 
track sections with trains running in 
both directions, or double track sections 
carrying similar traffic where the trains 
run in one direction only ? 


Corrugation appears on both lines of 
double track in varying degrees, on Up 
lines and Down lines. No factor to incline 
rail to undulatory wear, which can be con- 
nected with the direction of movement can 
be traced. On single lines where « roarer » 
type of corrugation occur the pattern is not 
so clearly defined as in the case of a one 
direction track. 


(ec). — On double track sections on gra- 
dients, is the undulatory wear affected 
by the gradient ? 

If so, is the wear more pronounced 
uphill or downhill according to the direc- 
tion of the traffic? 
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Various authorities to this question are 
not very informative. The diversity of 
opinion expressed leaves doubts as to 
whether gradient either up or down grades 
have any effect on undulatory wear, par- 
ticularly in regard to the « roaring » type 
of corrugations. On the New South Wales 
System corrugations of this type are very 
similar on both flat gradient and_ level 
tracks, but vary on double track accord- 
ing to the frequency of light or heavily 
loaded vehicles. 


Where the gradients are reasonably steep 
and long the corrugations do not occur to 
the same extent. This is probably due to 
braking and slipping, a condition similar 
to that through stations. 

With the Type « B » (« Saddles ») 
undulatory wear, gradient on curves is 
largely responsible towards its growth. This 
type of wear occurs on both Up and Down 
tracks on sharp curves and is very pro- 
nounced on the low rail of a curve on a 
rising grade. 


INDIA. 

(a) No observations. 

(b) Corrugations occur only on through 
running lines. Wear persists even 
at stations where trains stop, but 
no cases of corrugations in — track 
adjoining the through running lines 
at stations have come under notice. 

(c) All mixed traffic. 

(d) Instances are known when corrugations 
appear on both lines of a double track, 
but no factor to undulatory wear can 
be indicated when the direction of 
movement has been traced. 


No other comment. 


(e) No information. 


VICTORIA. 


(a) No comments. 


(omivpe A. ——.< Roaring » rails — se- 
vere 2 pitch in steam and Diesel 
70 miles per hour track. 
Type B. — « Electric traction » — 
30 miles per hour fTack. ==" were 
are no corrugations. 
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Through stations, undulatory wear 
dies out, possibly due to braking. 


(c) Type A. — (Corrugations.) Does not 
occur with local electric traffic. 


Type B. — (Corrugations.) Occur only 
on electric traction tracks. 


(d) Observed that with type « A » cor- 
rugations, the division between the 
hard Martensite banks and the softer 
steel is not clearly defined on single 
track. 


(ec) Yes. — Wear is more pronounced 
downhill. 


JAPAN. 


(a) No comment. 


(b) More frequent in running track — 
approach to station. 


(c) Occur most on braking section. 
(d) More on double than single tracks. 
(e) More on uphill than downhill. 


BRITISH RAILWAYS. 


No comment. 


EAST AFRICAN RAILWAYS. 
(4) 

(b) }No data. 

(c) 


(d) Single line only on this system. 
(e) Gradient appears to have little effect. 


SWEDEN. 


No comment. 


NEW ZEALAND. 


(a) 

(2) 
No comments. 

(c) 

(@) 

(ec) Severe traction or braking increases 
tendency to undulatory wear. 
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SOUTH AFRICAN RAILWAYS. 


(a) Not investigated. Traffic mixture of 
fast goods and passenger service with 
similar speeds — generally bogie rol- 
ling stock. 


(b) No sharp curves in stations. 
(c) Not investigated. 
(d) Not possible to state. 


(e) All corrugated lines are on steep gra- 
dients — 1 — 50 — on electric track 
develop much faster on down grades — 
continuous regeneration. 


ASSOCIATED AMERICAN RAILROADS. 
No information relative to effect of these 

factors on undulatory wear. 

EIRE. 


(a) No information. 
(b) Almost unknown through stations. 


(c) Nearly always associated with braking, 
regardless of the type of traffic. 


(d) No difference between single and 
double lines — occur mostly on 
approaches to stations and ending at 
station. 

(e) Downhill — braking affects corruga- 
tions. 


NEW SOUTH WALES. 


(a) Type A. — Undulations. — « Roarers. » 
Occurs under steam traction — rod 
drive. Corrugations of this type 
develop very rapidly on high speed 
tracks where lightly loaded vehicles 
predominate. 


Frequency of service and speed of 
trains influences rate of growth. 


Type B. — « Saddles » — occur under 
electric multiple unit traction — 
direct gear drive. | Approximately 
14-ton axle load. Frequency of ser- 
vice at comparatively low speeds 
appears to be one of the main fac- 
tors. Varying degrees of «  sad- 
dling » — occur on sections where 
concrete road bed exists. 
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(b) Type A. — « Roarers. » 


Corrugations vary on _ adjoining 
tracks according to the proportion 
of lightly loaded vehicles on each 
track. Corrugations are not apparent 
through station platforms. 


Type B. — « Saddles. » — Adjoining 
tracks up and down _ directions 
disclosed no definite variations. 
Through stations « saddles » are 
not apparent, although they appear 
at approach (braking) and leaving 
(acceleration) stations. 


(c) Wear classified into two groups, that 
under Steam « Type « A » and that 
under multiple-unit electric Type B. 
On track used by Steam traction the 
corrugations develop more rapidly on 
tracks where the proportion of lightly 
loaded goods vehicles is high com- 
pared to those with full tonnage loads. 
Braking minimises growth of corruga- 
tion very appreciably. 


(d) No information. 
(eC) ai ype <a Ass 
Yes. Corrugations occur on falling 


grades, but much less or none at all 
on steep rising grades. 


Type « B ». 
« Saddles » — occurs on Up or 
Down grades, usually more _pro- 


nounced on rising grades. 


LONDON TRANSPORT. « D. » 


(a) No observations. 


(6) In and near stations corrugation is 
caused by braking and acceleration. 


(c) Battering and corrugations are in- 
creased by a light braking. 


(d) Very short mileage of the L.T.E. track 
with two-way traffic is relevantly free 
from corrugations. 


(e) Heavy down grades and consequent 
heavy braking produces battering even 
on straight tracks. 


* * * 
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Summary of Section IV. 
TYRE. — RAIL. 


Practically no general theory and very 
few observed facts have been submitted 
regarding the effect of the wheel on the 
rail in the initial stage of undulatory wear. 
Trials and statistics are also practically nil. 
Opinion expressed is that a form of plastic 
flow of the metal in rail surface, due to 
high concentrated pressures, is a principal 
factor in rail corrugations. These high 
pressures may develop at low speeds on 
low side of heavily elevated curves under 
heavy wheel load (« Saddle » type of undu- 
latory wear) or they may develop due to 
vibratory condition under high speed move- 
ment of relatively light loads (« Roaring » 
type corrugations). The various authorities 
are not in accord regarding steel composi- 
tion, hardness, etc., having any definite 
bearing on undulatory wear. Investigation 
has shown, however, that generally corruga- 
tion of the « roaring » type is associated 
with harder rails on straights and flat 
curves and those of the « Saddled » type 
with softer rails and practically in all cases 
on sharp curves. The latter type also 
occurs where oscillating side thrust or slip 
of wheels is present. 


It is more or less generally reported that 
braking has the effect of lessening cor- 
rugation of the « roaring » type, but tends 
to increase rate of growth of the « saddled > 
type of undulatory wear. New Zealand 
and South Africa have reported that severe 
traction or braking increases the ten- 
dency to undulatory wear. This concerns 
« saddle » type undulations, which appear 
to be more prevalent in these two countries. 


With « roaring » type corrugation the 
peaks on formation is converted into a 
thin layer of « Martensite », which enables 
the peak to resist more than the troughs. 


These high peaks become further « work 
hardened » well below the rail surface 
to the extent that excessive grinding is 
necessary to eliminate the effect of same. 
Hardness readings taken through crests on 
a heavily corrugated rail, disclose that the 
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affected zone may be persistent up to 
1/4 inch below the surface. 


There appears no great change in forma- 
tion of « saddled » type undulatory wear 
except that it is increased by the increase 
in volume and weight of traffic. From 
the replies received however, it is evident 
that no reporting Administration has made 
any serious study of the progress of the 
physico-chemical | phenomena concerned 
with the formation and growth of cor- 
rugation. 


Corrosion is considered by some authori- 
ties to accelerate the formation of corruga- 
tions and to cause it to persist, but very 
little proof has been submitted to support 
the theory. 


No information has been submitted 
regarding the incidence of the formation 
and wear of the tyres on undulatory wear, 
and the beneficial effects derived from 
grinding the tyres. 


(a) Theories, practical trials and statistical 
inquiries, taking into account on the 
one hand the physico-chemical charac- 
teristics of the rail (steel composition, 
hardness, high limit of elasticity, large 
moment of inertia, wider running sur- 
face) and, on the other hand, the effects 
of the thrust, compression, friction and 
sliding of the tyre on the rail. 


Practically no general theory and very 
few observed facts have been submitted 
regarding the effect of the wheel on the 
rail in the initial stage of undulatory wear. 
Trials and statistics are also practically nil. 
Opinion expressed is that a form of plastic 
flow of the metal in rail surface, due to 
high concentrated pressures, is a principal 
factor in rail corrugations. ‘These high 
pressures may develop at low speeds on low 
side of heavily elevated curves under heavy 
wheel load (« Saddle » type of undulatory 
wear) or they may develop due to vibratory 
conditon under high speed movement of 
relatively light loads (« Roaring » type 


788/42 


corrugations). The various authorities are 
not in accord regarding steel composition, 
hardness, etc., having definite bearing on 
undulatory wear. Investigation does show, 
however, that generally corrugation of the 
« roaring » type is associated with harder 
rails on straights and flat curves and those 
of the « saddled » type with softer rails 
and practically in all cases on sharp curves. 
The latter type also occurs where oscillat- 
ing side thrust or slip of wheels is present. 


(b) Special observations in connection with 
the lessening or accentuation of undu- 
latory wear by skidding, braking, pi- 
voting. 


It is more or less generally reported that 
braking has the effect of lessening corruga- 
tion of the « roaring » type, but tends to 
increase rate of growth of the « saddled » 
type of undulatory wear. New Zealand 
and South Africa have reported severe trac- 
tion on braking — increases tendency to 
undulatory wear. This concerns « saddle » 
type undulations, which appear to be more 
prevalent in these two countries. 


(c) Study of the form of the progression 
of the physico-chemical phenomena 
since the formation of undulatory wear 
began. 


With « roaring » type corrugation the 
peaks on formation is converted into a 
thin layer of « Martensitic », which enable 


the peak to resist more than the troughs. 


These high peaks become further « work 
hardened » well below rail surfaces to the 
extent that excessive grinding is necessary 
to eliminate the effect of same. Hardness 
readings taken through crests on a heavily 
corrugated rail, disclose the affected zone 
varies in depth up to 1/4 inch. 


There appears no great change in forma- 
tion of « saddled » type undulatory wear 
except that it is increased by the increase 
in volume and weight of traffic. | Mush- 
rooming of the running surface of low rail 
is very evident. 


(d) Influence of corrosion on the forma- 
tion of undulatory wear. 
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Corrosion is considered by some authori- 
ties to accelerate the formation of cor- 
rugations and to cause it to persist, but 
very little proof has been submitted to 
support the theory. 


(e) Incidence of the deformation and wear 
of the tyres on undulatory wear. Bene- 
ficial effects of grinding the tyres. 


No information has been submitted re- 
garding this question. 


INDIA. 

(a) No metallurgical tests have been taken. 

(b) None. 

(c) No information. 

(d) No exact statistical studies have been 
made. 

(e) No data available. 

VICTORIA. 


(a) No practical trials have been made and 
no statistical information is available. 


The only theory which has been 
partly investigated is that put forward 
by Professor Cramer of the University 
of Illinois (Bulletin 479 of the AREA) 
namely, « That the cause of some cor- 
rugations is wheel slippages which beat 
a thin surface layer of the rail above 
the quenching temperature of the steel, 
which layer is quickly cooled by the 
metal underneath (body quench) form- 
ing martensite. When such hard spots 
due to the martensite, are intermittent 
and the softer areas between them are 
cold worked lower than the hard areas, 
corrugations are formed. » 

(b) « A » type corrugations — « Roarers » 
— disappear in locations where braking 
action occurs. Also, the incident of 
sympathetic corrugations on __ tyres 
appears to be affected by percentage 
of braking on the vehicles. 


(c) Not sufficient data to provide com- 
ments. 


(d) 


Type « A » corrugation is most severe 
in banks over swampy ground. 
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(e) Sympathetic corrugations appear on 
tyres on this System. However, the 
deformation is not at present of serious 
proportion to warrant grinding of tyres. 


JAPAN. 


(a) It is concluded that the wheels give a 
large impact each time, when they ride 
over the ridge of undulatory wear and 
that the Up and Down oscillation of 
the tracks resinates at a certain train 
speed, making an infinite amplitude, 
but actually the magnitude of the im- 
pact is limited because the wheels 
jump up before such speed is reached 
and with the friction resistance be- 
tween the laminated plates, constituted 
bearing springs is, however, effective 
in reducing the amplitude of oscilla- 


tion. 
(b) 
a No comments. 
(e) 


BRITISH RAILWAYS. 


(a) and (b) Corrugation is considered to 
originate from some form of vibration 
between wheel and rail. They tend 
to occur more frequently under cor- 
rosive conditions, such as in tunnels 
traversed by steam trains and on water 
troughs. 

(c) Peaks of the corrugations have usually 
been converted into hard metallogra- 
phic constituents known as Martensite, 
which is very wear resisting and that 
enables the peak to resist wear more 
than the valleys. 

(d) Corrosion is considered to accellerate 
the formation of corrugations and to 
cause it to persist. 

(e) No information. 


EAST AFRICAN RAILWAYS. 
(2) 

(2) 

(c) ) No data. 

(d) 

(¢) 


e 
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SWEDEN. 


As corrugated rails are so rare in Sweden, 
we have not made any trials or observations 
of the combination tyre-rail on corrugated 
rails. 


NEW ZEALAND. 


(a) No comment. 


(b) Severe traction or braking increases 
tendency to undulatory wear. (Refers 
mainly to « saddle » type undulatory 
wear.) 

(c) No comment. 


d) Undulatory wear appears to be more 
frequent on sections in damp atmo- 
spheric conditions. 


(e) No comment. 


SOUTH AFRICAN RAILWAYS. 


(a) Corrugations occur only on_ sharpest 
curves. They increase with decreasing 
radius. They are worse on Down hills 
than on Up hill lines and develop 
more on electric than on steam tracks. 


The length of the corrugations are 
practically equal to sleeper spaces 
(Saddles). There is no regularity of 
the depths along curves and along each 
rail. ‘The deepest corrugation usually 
occurs between sleeper spaces just 
beyond a rail joint in the direction 
of traffic. Reduction of sleeper spac- 
ing reduces the corrugations. 

The provision of lateral buttresses 
on the outside of check rails increases 
the corrugation. 

Mushrooming of the surface of the 
top surface of the rails is more noticea- 
ble on the inner rail. 


(b) Regenerative braking on electric down 
hill lines is a contributing factor. 


(c) There has ‘been no great change in 
the forms of corrugations except that 
it is increased by the increase in 
volume and weight of the traffic. 

(d) No investigation. 


(ec) No investigation. 
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ASSOCIATED AMERICAN RAILROAD. 


(a) In most cases of undulatory wear, the 
crests are covered with a very thin layer 
of « Martensite » and the hollows 
are normal pearlitic steel composition. 
Since the « Martensite » is formed by 
local heat and quenching, it is presum- 
ed that the heating only can be caused 
by sliding of the wheel on the rail 
surface. 


(b) There is some question whether un- 
dulatory wear develops first and the 
« Martensite » forms only at the con- 
tact areas on the crests, or the « Mar- 
tensitic » areas form first and their 
increased resistance to corrugation and 
wear results in formation of the crest. 

There are indications that braking 
has affected the undulatory wear, also 
there are a few instances where undu- 
latory wear has occurred and braking 
is obviously not affected. 

(c) It is, in our opinion, a form of plastic 
flow of the metal in the rail surface, 
due to high concentrated pressure, is 
a principal factor in rail corrugations. 
They may develop at low speeds on 
the low side of heavily loaded curves, 
under heavy wheel loads or they may 
develop due to vibratory conditions 
under high speeds of relatively light 
loads. 


(d) and (e) No comments. 


EIRE. 


(a) No information. 


(b) Corrugations are definitely associated 
with places where trains normally are 
braking and they are only found where 
skidding takes place or stopping at 


stations. 
(c) 
(d) | No information. 
(e) 


NEW SOUTH WALES. 


(a) High carbon rails show greater ten- 
dency to corrugate than low carbon 
rails. Similar rails of approximately 
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the same chemical composition, but 
with different hardnesses — the hard 
rail will corrugate quicker than softer 
rails. Light loaded vehicles at com- 
paritively high speed contribute to cor- 
rugations. 

« Saddled » type undulations — 
occur where oscillating side thrust or 
slip of wheels is present. 

(b) Braking has effect of lessening cor- 
rugations, but increases rate of growth 
on « saddles ». 


(c) After the formation of corrugation, rails 
will work harden to a depth of appro- 
ximately 1/4 inch below the surface. 
The metal in the crests is harder than 
in the troughs. 

(d) No information. 


(e) No information. 


LONDON TRANSPORT. 


(a) 
(0) 


(c) } No observations. 
(d) 
(e) 


* * * 


Summary of Section V. 


EFFECT OF UNDULATORY WEAR 
ON THE TRACK, BRIDGES AND 
VIADUCTS AND THE ROLLING 
STOCK. 


Rail corrugation of both types is re- 
ported by most Railway Systems to cause 
loosening of rail fastenings. Where cor- 
rugation is very heavy great difficulty is 
experienced in holding anchors on the rail 
and elastic type spikes are known to break 
off where they enter the sleepers. 


Excessive rail cutting of sleepers is defi- 
nitely caused by undulatory wear.  In- 
stances are recorded that up to 17 % more 
sleepers are rail cut under rails with 
undulatory wear than in sections without. 

Practically no information has been sub- 
mitted by any of the Systems regarding the 
effect of undulatory wear on steel bridge 
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components, transoms, fastenings, bearing 
plates, fastenings and damage to piers, 
abutments, etc. Some mention is made 
that undulatory wear has an adverse effect 
on supporting structures in varying degrees, 
but no particulars have been submitted. 
Investigations in regard to the effect 
upon the rolling stock are very meagre and 
not conclusive. India, Victoria and Japan 
have reported sympathetic effect on tyres 
and breakage of unsprung components. 


* * * 


Question 1. — Has your experience enabled 
you to state that undulatory wear leads 
to: 


(a) The loosening and wear of the rail 
spikes, rail anchors, fishplates and fish- 
plate bolts and base plates : 


Corrugated rails, both types, are reported 
by most Railway Systems to cause wear and 
loosening of rail fastenings. South Africa 
and India report no loosening of rail 
anchors due to corrugations. South Africa 
is only concerned with « saddled » rails. 
New South Wales has reported that where 
elastic spikes are used under heavily cor- 
rugated rails many have broken where they 
enter the sleepers and extreme difficulty 
is experienced in keeping rail anchors tight 
on the rail. 


(b) The wear of the sleepers: 


Yes, practically all the Systems report this 
trouble under corrugated rails. Instances 
are recorded that up to 17 % more sleepers 
are rail cut under rails with undulatory 
wear than in sections without. 


(c) The loosening of the nuts, the bolts 
fastening the transoms to the stringers 
of bridges and/or the breaking of these 

bolts. 


(d) The failure of rivets and bolts in the 
connections between stringers and cross 
girders and between cross girders and 
main girders of bridge. 

(ce) Wear of the pins and plates of the 
bridge bearings. 
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(f) The loosening of the holding down 
bolts and the destruction of the mortar 
between the base of the bearings and 
the piers. 


(g) Damage to the piers and abutments. 


(h) Fatigue failures of the stringers, cross 
girders, main structure and bracing of 
bridges. 


(i) Damage of the invert of tunnels or to 
the drains. 


For sub-questions (c) to (2). 


No apparent damage reported. Japanese 
and the American Railways suggest that 
undulatory wear does affect the locations 
mentioned in varying degrees, but have no 
records on hand. 

New South Wales reports loosening and 
wear of transom bolts on bridges and da- 
mage to bedplates and bridge abutments. 


INDIA. 


(a) There are complaints of loosening of 
rail spikes, fishplates and fish bolts, 
but none about rail anchors. 


(b) No data available, but reports to the 
effect that there is accelerating destruc- 
tion of sleepers at the foot of the rail. 


c) No definite observation yet available. 


(f) No effects on bridges or bridge struc- 
tures has been reported. 


(i) No damage to tunnels or drains. 


VICTORIA. 


(a) to (1) No. 


JAPAN. 


(a) Yes. Also, undulatory wear causes the 
slope of the ballast to collapse, reduc- 
ing the covering of sleepers. 
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(b) Causes rail to cut more into sleepers. 
It has been recorded that 17 % more 
sleepers are cut in under rails with 
undulatory wear, than in_ sections 
without. 

(c) to (?) Rather positive that undulatory 
wear does affect the locations men- 
tioned, although no record on hand. 


BRITISH RAILWAYS. 


No comments. 


EAST AFRICAN RAILWAYS. 
(a) Some loosening of steel keys. 
(b) to (1) No data. 
SWEDEN. 

No records available. 


NEW ZEALAND. 


(a) No comments. 

(b) Yes. Excessive sleeper wear is due to 
« roaring » rails. 

(c) to (?) No comments. 


SOUTH AFRICAN RAILWAYS. 


(a) Corrugations cause loosening of keys 
and chairs and coach screws. Spikes 
and anchors do not exist. 

b) Probably wear out screw threads. 


No bridges. 


1) No sharp curves in tunnels. 


ASSOCIATED AMERICAN RAILROADS. 


(a) Definitely induces wear of spikes and 
joint bars. 
b) Wear of sleepers apparent. 


d) JUndulatory wear has a diverse effect 


(e) \on supporting structures in all these 
(f) (particulars. 


(t) No effect. 
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FIRE. 


(a) and (b) Corrugated rails definitely in- 
crease the wear under rails and base 
plates of sleepers and also damage rail 
fastenings, making it difficult to main- 
tain them properly. 


(c) to (1) No damage to bridges has been 
noticed. 


NEW SOUTH WALES. 


(a) Yes — all fastenings mentioned. Cor- 
rugated sections. Where elastic spikes 
are used many are broken off where 
they enter sleepers and extreme dif- 
ficulty is experienced in keeping rail 
anchors tight on the rail. 


(b) Yes. 

(eit Yes: 

(d) No definite information. 

(e) No. 

CY es: 

(g) Yes. In a few cases only on high 
speed tracks, cracking of brick abut- 
ments. 

(h) No. 

Ge No. 


LONDON TRANSPORT. 


(a) Yes. 

(b) to (?) No — measures have to be taken 
to avoid any serious vibration from 
undulatory wear being transmitted to 
surrounding properties. 


* * * 


Question 2. 


— Effects upon the rolling 
stock. 


(a) Sympathetic corrugations in the tyres 
of the wheels. 


India and Victoria only Systems re- 
porting a form of sympathetic corruga- 
tion on tyres. Pitch is claimed to be 
similar to those on « roarer » type 
corrugated rails, but much _ shallower. 

(b) Increase in the wear of the axle bear- 
ings, journals, axle guards, springs, etc. 


f 
4 


’ 
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(c) Fatigue and breaking of springs and 
brake rigging. 
(d) Loosening of the tyres. 
(e) Loosening of white metal bearings. 
For sub-questions (b) to (e). 
_ No information has been reported except 
American Railways and New South Wales, 
who state, no data available, but have no 
doubt that vibrations induced by undula- 
tory wear have an adverse effect on these 
parts. 
* * * 


INDIA. 


(a) Locomotives and rolling stock on sec- 
tions having corrugated rails have been 
shown on sympathetic effects in the 
period between periodical overhaul 
when the tyres are skinned. 


(2) 
(c) |\No effect of this kind has been re- 
(d) {ported. 


(¢) 
VICTORIA. 


(a) Type A. — Corrugations — disclose 
a form of sympathetic corrugations 
on the tyres. The pitch of these 
corrugations approximates the pitch 
of the undulatory wear of the rails, 
but is much shallower. 

(b) 

(c) 

(d) | No. 

(e) 

JAPAN. 


(a) to (e) Undulatory wear is able to 
accelerate fatigue, breakage of un- 
sprung components and lead to wear, 
loosening and damage of such parts. 
No positive data is available. 


BRITISH RAILWAYS. 
No comments. 
EAST AFRICAN RAILWAYS. 
(a) 
(b) 
(c) }No data. 
(d) 
(e) 
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SWEDEN. 


Corrugated rails have no effect on rol- 
ling stock. 


NEW ZEALAND. 


SOUTH AFRICAN RAILWAYS. 


(a) Nothing of this nature has been found. 
(b) Not investigated. 


(c) Breakages have occurred, but cannot 
be attributed to corrugated rails. 


(d) and (e) No information available. 


ASSOCIATED AMERICAN RAILROADS. 


No records available, but have no doubt 
that vibrations induced by  undulatory 
wear have a diverse effect on rolling stock. 


EIRE. 
No data available. 


NEW SOUTH WALES. 
(a) No. 


(c) {No data, but have no doubt that vi- 

(d)\brations induced by undulatory wear 

(e)\ have an adverse effect on most of 
these component parts. 


LONDON TRANSPORT. 


(a) to (e) No — measures have to be taken 
to avoid any vibration from undulatory 
wear being transmitted to surrounding 


properties. 
* * * 


Question 3. — Have you found it possible 
to estimate the cost of the damage caused 
to the rolling stock by undulatory wear 
of the rails? 

If so, does the extent of the damage 
bear any relation to the degree of undu- 
latory wear? (Such an estimate would 
be of the greatest importance in decid- 
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ing the expenditure that would be jus- 
tified to prevent it or the cost of the 
measures taken to remedy undulatory 
wear.) 


No information available from any of 
the Railway Systems. 


* * * 


INDIA. 


Corrugations are still not a serious prob- 
lem. No definite information available 
regarding this question. 


VICTORIA. 


No comments. 


JAPAN. 


No comments. 


BRITISH RAILWAYS. 


No comments. 


EAST AFRICAN RAILWAYS. 
No data. 


SWEDEN. 


No information. 


NEW ZEALAND. 
No. 


SOUTH AFRICAN RAILWAYS. 
No. 


ASSOCIATED AMERICAN RAILROADS. 
Not possible to estimate. 


EIRE. 
No data available. 


NEW SOUTH WALES. 
No. 


LONDON TRANSPORT. 


No observations. 
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Summary of Section VI. 


MEASURES TAKEN TO AVOID 
UNDULATORY WEAR OR TO 
REMEDY IT. 


New South Wales ‘s the only System 
which has made any investigation into the 
effect of relaying corrugated rails on sharp 
curves. Rails with roaring type corruga- 
tions 0.015 inches deep were relayed in 
16 chains to 20 chains radius reverse curves, 
on single line in August, 1949, and recent 
reports disclose that the corrugations have 
entirely disappeared whilst on the 1 chain 
length of straight track and portion of the 
transitions joining the curves, the corruga- 
tions still exist with depths of corrugations 
in the vicinity of 0.010 inches. 


The insertion of rubber pads between 
rails and sleeper plates have been under 
test in various countries for some time with 
some success, but results at this stage can- 
not be considered as conclusive. 


The use of elastic spikes does not appear 
to minimise the growth of corrugation. 


British Railways has reported that with 
partial resleepering with concrete sleepers 
mixed with timber, corrugations have dis- 
appeared. Other Systems have not com- 
mented. 


Grinding of rails, unless carried out as 
routine maintenance, i.e. constant grinding 
in the initial stages of development, has 
not proved satisfactory. It has been found 
that corrugations re-appear in very short 
time after grinding. New South Wales 
reports that corrugations re-appear in 
exactly the same positions along the rails. 
Evidently no grinding of rails with 
« saddle » type undulations has been car- 
ried out. 


Various methods of grinding rails in 
shops and insitu have been adopted by the 
various authorities. Japan and the Amer- 
ican Railroads report using special trains 
consisting of several cars each having se- 
veral sets of grinding wheels. Cup type 
grinding wheels are used rotating in a 
plane parallel to the track. These wheels 
are mounted in multiple and inclined at 
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the various angles so as to cover the entire 
running surface of the head. Japan has 
given the extent of grinding as 0.03 to 
0.05 mm at speed of about 3 km per hour. 
East Africa uses four (4) wheel vans con- 
verted using carborundum blocks under 
pressure of approximately 75-lb. per square 
inch travelling at speeds up to 30 miles 
per hour, usually 40 to 50 passes required 
to remove corrugations. New South Wales 
used this method some years ago, using a 
bogie type van at speeds up to 6 miles 
per hour, but discarded it as too slow in 
operation and because the corrugations grew 
rapidly again. 

Heat treatment of rails, before (« sor- 
bitising ») or after corrugations have form- 
ed, does not contribute to elimination or 
minimising of corrugations. Flame treating 
after grinding corrugations has not been 
successful. The use of paints and protec 
tion coating against corrosion has not been 
seriously considered. 


Grinding of new rails or periodical rec- 
tification of tyres by grinding to avoid or 
remedy undulatory wear has not been 


undertaken by any of the _ reporting 
authorities. 

* * *€ 
Question. — Have any of the following 


measures been taken and, if so, with 
what results? 


Taking up rails with serious undula- 
tory wear from straight sections or 
flat curves and relaying them on sharp 
curves, where normally undulatory 
wear does not occur. 


No reports except New South Wales. 
Recovered corrugated rails « roaring » type 
to 0.015 inches depth were relayed on a 
reverse curved track 16 chains to 20 chains 
radius, single line, in August, 1949. The 
corrugations have now entirely disappeared, 
whilst on the 1 chain length of straight 
track and portion of transition joining the 
curves, the corrugations still exist with 


1] 
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depths of corrugations in the vicinity of 
0.010 inches. 


(b) Inserting a rubber pad between the 
foot of the rail and the sleeper bear- 
ing plate or between the bearing plate 
and the sleeper or transom. 


Some Systems are carrying out tests, but 
most so far are not yet conclusive. Vic- 
toria has had reasonable results with rub- 
ber pads on straight tracks over subways, 
under multiple-unit electric traffic (low 
speed). After eighteen (18) months no 
deterioration has occurred. British Railway 
also reports relaying « Sorbitic » rails 
« Roaring » corrugated, on concrete slee- 
pers and rubber pads and after two (2) 
years no change noticed. New South Wales 
is making tests with rubber pads between 
rail and bearing plate but no conclusive 
evidence yet. 


(c) The use of elastic fastenings to attach 
the rails to the sleepers. 


New South Wales and Japan are using 
some elastic spikes at a number of loca- 
tions, but tests are not yet conclusive. 


(d) Reduction or increase of the number 
of sleepers per rail. 


British Railway has reported partial re- 
sleepering with concrete sleepers mixed 
with timber, corrugations have disappeared. 
Other Systems no comments. 


(e) Has grinding been used to remove un- 
dulatory wear and, if so, with what 
results ? 


Systems, which have carried out grind- 
ing have reported that corrugations re- 
appear a very short time after. New South 
Wales reports corrugations re-appear in 
exactly same position after three (3) months. 
(f) Have the rails been heat treated, 
either before or after undulatory wear 
and, if so, with what results ? 


Corrugated rails (« Roaring » type) have 
been heat treated, but found to corrugate 
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again in very short time. Japan and Asso- 
ciated American Railroads has reported heat 
treating new rails, result not yet con- 
clusive. 


(g) Any other measures ? 


New South Wales has carried out tests 
by grinding corrugated rails (« Roaring ») 
to just below surface in troughs and heat 
treating. Corrugation re-appeared in same 
position in three (3) months. 


(h) The use of paints and protective coat- 
ings against corrosion. 


No comments. 


(i) Methods of grinding the rails in the 
shops or on the track by the use of 
special vehicles. 


Japan resurface corrugated rails by plan- 
ing in the Workshops, also by grinding in 
the field using vertical grinder. Extent of 
grinding 0.03 to 0.05 mm at speed of about 
3 km/h. 

East Africa uses a 4 wheel van converted 
using carborundum blocks under pressure 
of approximately 75-lb. per square inch. 
Hauled by engine at about 30 miles per 
hour. Usually 40-50 passes required to re- 
move corrugation. 


Associated American Railroads carry out 
rail grinding using special grinding train 
consisting of several cars each having se- 
veral sets of grinding wheels. Cup type 
grinding wheel rotated in a plane parallel 
to the surface of the track. “hese wheels 
are mounted in multiple and inclined at 
various angles so as to cover the entire run- 
ning surface of the rail head. 


New South Wales has experimented 
with specially rigged grinding wheel in a 
depot. 

‘The carborundum wheel periphery ground 
to form top running surface. Some years 
ago rails were ground insitu using carbo- 
rundum rubbing blocks fitted to bogie 
type van. ‘This van hauled by an engine 
at about 6 miles per hour did a good job, 
but proved too slow in operation and 
because the corrugations grew rapidly again 
was discarded. 
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(j) Cleaning the running surface of the 
rails with metal brushes mounted on 
locomotives. 


No comment. 


(k) Trials of grinding the rails before lay- 
ing them to eliminate any undulations 
that may already exist. 


No comment. 


(l) Periodical rectification of the tyres by 
grinding. 


No comment. 


INDIA. 


Nothing has been done so far. Undu- 
latory wear is not a serious problem in 
India. 


VICTORIA. 


(a) No corrugated rails have been relaid 
in sharp curves. 

(b) Rubber pads were installed in one 
location on a_ straight over subway, 
under multiple-unit electric _ traffic. 
(Low _ speed.) After eighteen (18) 
months no deterioration has occurred. 

(a) and (d) No. 

(e) Corrugations 
grinding. 

(f) Flame treatment was carried out as a 
test, but was not concluded. 


(g) () No. 
JAPAN. 


(a) No comments. 
(b) Tests not yet conclusive. 


re-appear soon after 


(c) Used in System — time is too short 
to furnish convincing facts. 
(d) No — not attempted. 


(e) Found to occur again after grinding. 


(f) No experience of heat treatment after 
start of undulatory wear. ‘These heat 
treated rails were laid in late 1952 
(about 45718 km of running track to 
date). 

No data available. 


(h) No comments. 


een 
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(:) Corrugated rails are planed in_ the 
Workshop and ground in the field, 
using vertical spindle type grinder — 
speed of train about 3 km per hour. 
depths of corrugations 0.03 to 0.05 mm. 

(7) No comments. 


(k) Rails for re-use sometimes ground in 
Workshop. 

()) The grinding of tyres is a routine 
practise, though not for the purpose 
of preventing undulations. 


BRITISH RAILWAYS. 
(a) No comments. 


(b) « Sorbitic » rails (corrugated) relaid on 
concrete sleepers and rubber pads — 
after two (2) years no change noticed. 
Also, corrugations disappear in partial 
resleepering with concrete sleepers. 

(c) No data. 

(d) Partial resleepering with concrete slee- 
pers mixed with timber. The corruga- 
tions have disappeared. 

(e) No comment. 

(f) Heat treated to produce « Sorbitic » 
structure on the running surface have 
been found to be very liable to cor- 
rugations. 


(e) Corrugations removed by grinding. No 
comments as to the results. 


(i) Method of grinding four wheel van 
conveyed into rail grinding vehicle 
using carbon locks under a pressure 
of approximately 75-lbs. per square 
inch. Speed of train — 30 miles per 
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hour requires about 40 to 50 passes 
to remove corrugation. 
(7) 
(k) 
() 


SWEDEN. 


No. special measures taken to remove 
corrugations. 


No. 


NEW ZEALAND. 

(a) No. 

(b)) Yes, but not primarily to reduce un- 
dulatory wear. a 


(f) Early experience with the « Sandberg 
Sorbitic » process was very unsatisfac- 
tory as regard the undulatory wear. 


(g) 

(h) 

(i) 

(j) ( No. 

(k) 

(!) 

SOUTH AFRICAN RAILWAYS. 

(a) No. 

Tests are planned. 

(d) No. 

(e) Corrugations too long and deep for 
grinding. 

(f) No. | 

(g) See! Section 4. — Type Rail. 

(h) 

(i) 

(j) }No. 

(h) 


(!) 
ASSOCIATED AMERICAN RAILROADS. 


(a) Rails with undulatory wear relaid in 
other locations on tangent or curved 
tracks has resulted in undulatory wear 
completely disappearing in a_ few 
months of service. 

(b) No information. 

(c) No information. 

(d) Not tried. 
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(e) Grinding of rails has been carried out 
at speeds of about 20 miles per hour. 
No comments concerning result of such 
grind. 

(f) Some tests have been carried out with 
heat treated rails in track, but so far 
no undulatory wear has developed in 
them. 

(g) 

(h) 

(?) Rail grinding carried out with a grind- 
ing train consisting of several cars, each 
having several sets of grinding wheels 
utilising the flat surface of a cup type 
grinding wheel, rotating in a_ plane 
parallel to the surface of the track, 
the wheels inclined at various angles 


to uncover the entire running surface 
of the rail head. 


Nothing to report. 


(7) 

(k) | Nothing to report. 

(/) 

EIRE. 

°) 

(c) No. 

i Seas a 

(e) Grinding carried out within the period 
of two (2) years — results, so far, 
have been satisfactory. 

(f) No. 

(g) None. 

(h) 

Ly 

ivan 


( 
(1) No comments. 


NEW SOUTH WALES. 


(a2) Test rails corrugated to depth up to 
0.015 and relayed on a reverse curve 
track of 16 to 20 chains radius during 
August, 1949. The corrugations have 
now entirely disappeared. Whilst the 
1 chain length of straight track join- 
ing the curves, the corrugations still 
exist with depths in the vicinity of 
010 inches. 
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(b) Although extensive tests have been car- 
ried out the results have not been con- 
clusive. 


(c) Have used elastic spikes, but no infor- 
mation available. 


(d) Not tried. 


(e) Yes — but corrugations re-appear in 
exactly the same position in about 
three (3) months. 

(f) Yes — after undulatory wear, but cor- 
rugations re-appear in exactly the same 
position in about three (3) months. 

(g) The combination of grinding, follow- 
ed by treatment, corrugations re-appear 


in the same position in three (3) 
months. 
(h) No. Not on the top running face. 


Tests have been carried out using 
paints, etc., for protection against cor- 
rosion of rails in tunnels but results 
are not satisfactory. 
1) Both methods tried, with above results. 
) 


(a) No. 

(b) Many experiments — have shown no 
benefits. 

(c) Experiments in 
benefits. 

(d) No. 

(e¢) Grinding is a normal maintenance pro- 
cess to remove corrugations and_bat- 
tering. 

Gi) ENo; 

(g) None. 

(h) No. 

(1) Rails removed from the track are 
planed or milled before replacing, with 
very satisfactory results. Grinding on 
the track is by fixed. shoes on motor 
vehicle. 


hand — shown no 
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Summary of Section VII. 


RESULTS OF SYSTEMATIC 
RESEARCH WORK. 


No systematic research has been reported. 
Some Authorities have undertaken various 
tests, but with the exception of New South 
Wales have not reported any progress. ‘The 
Associated American Railroads has not car- 
ried out any individual research, but re- 
ference is made to investigations made by 
Professor R. E. Cramer at the University of 
Illinois for the AREA Rail Committee. He 
conducted experiments using an acetylene 
torch to tamper the Martensitic area and 
found that following this the crests dis- 
appeared in track. No satisfactory explana- 
tion is found regarding formation of Mar- 
tensitic area. 
Investigations carried out by New South 
Wales to date is not conclusive, this work 
is still in hand. 


Aims of Test. 


(1) Use of rubber pads between rail slee- 
per plate to inhibit rate of growth of 
corrugation. 


(2) To test effect of grinding off corruga- 
tion and heat treating of rail surfaces. 


(3) To watch the growth in the light of 
various theories. Vibration test of 
vehicles to ascertain if they synchonize 
with the frequency of corrugation in 
the locality. 

Whilst the tests are still proceeding the 
results to date lead to the following con- 
clusions : 


(1) The rubber pads have had little effect 
on the growth of corrugation. 


(2) Neither grinding nor normalising the 


rail surface can remove all traces of 
the former corrugations. 


(3) There are no vehicles vibrating and 
hammering the track at the frequency 
of the corrugations in the test locality. 

No laboratory investigations have been 
done by any of the Railway Systems. 


* * * 
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Section VII. 


RESULTS OF SYSTEMATIG 
RESEARCH WORK. 


(a) On trial sections, giving the various. 
arrangements made and the material 
and rolling stock used : 


(b) In the laboratory by causing undula- 
tory wear on test rails. 
INDIA. 


(a) and (b) No research work has been 
done so far. 


VICTORIA. 
(a) and (b) No tests made. 


JAPAN. 


(a) No systematic research has been done 
in providing a trial section. Observa- 
tion disclosed that undulatory wear 
occurs more on sections where electric 
cars are operated. 


(b) No comments. 


BRITISH RAILWAYS. 

No comments. — Reference is made to 
Mr. T. Turner’s paper « Roaring Rails ». 
EAST AFRICAN RAILWAYS. 

(a) and (b) No systematic research work 
undertaken. 
SWEDEN. 


Have nothing to say to this question. 


NEW ZEALAND. 
(a) and (b) No. 


SOUTH AFRICAN RAILWAYS. 


(a) No special rolling stock used. Depths 
and lengths of corrugations measured 
periodically. (Further reference, see 
Section IV.) 


(b) Not tried. 
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ASSOCIATED AMERICAN RAILROADS. 


Investigation by Professor R. E. Cramer 
of Hlinois University. Observations and 
measurements on rails with undulatory wear 
show that the spotty « martensitic » areas 
developed on rail running surface due to 
intermittent slipping of the driving wheels 
and that these « martensitic » area wore 
at a slower rate than the remainder of the 
rail causing crests to develop. On _ heat- 
ing the « martensitic » areas with oxy-ace- 
tylene torch to tempering heat, it was found 
that following this the crests disappeared 
in the track. No satisfactory explanation 
is found regarding formation of the « mar- 
tensitic » areas. 


BIRE. 

No research work has been carried out. 
NEW SOUTH WALES. 
(a) On steam traction track where corruga- 


tions were previously prevalent. 
Aim of ‘Test : 


(1) Use of rubber pads between rail 
and sleeper plates to inhibit rate 
of growth of corrugation. 


(2) To test effect of grinding off cor- 
rugation and heat treating of rail 
surface. 


(3) To watch the growth in the light 
of various theories. Vibrations test 
of vehicles to ascertain if syncho- 
nize with frequency of corrugation 
in the locality. 


Test still in progress, results to date : 


(1) Rubber pads have had little effect 
on the growth of corrugation. 

(2) Neither grinding nor normalising 
the rail surface can remove all 
traces of the former corrugations. 

(3) There are no vehicles vibrating 
and hammering the track at the 
frequency of the corrugations in 
the test locality. 


LONDON TRANSPORT. 
(a) and (b) No observation. 


* * * 
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Section VIIT. 


MEASURING 
AND RECORDING EQUIPMENT. 


(a) Of undulatory wear; 

(b) To determine the elastic stresses in 
the rails; 

(c) Description of the 
methods used. 


equipment and 
(a) Equipment used for measuring undula- 
tory wear generally reported to consist 
of straight edges 2 to 4 feet long, in 
conjunction with various types of dial 
indication measuring to 0.0001 of an 
inch, or feeler gauges. Where depres- 


sions are deep such as occur in 
« Saddles », straight edge and wedge 
gauge. 


(b) The types of equipment to determine 
the elastic stresses in the rails, have 
been submitted by the different autho- 
rities. They consist mainly of electric 
resistance type strain gauge recorders. 


(c) Description of the and 


methods used. 


equipment 


INDIA. 


Variation in undulatory wear is measured 
with a 3-feet long straight edge steel square 
and feeler gauges. 


Electrical wire resistance strain gauges — 
oscillograph equipment have been used. No 
separate studies have been conducted to 
find the stresses in corrugated rails as dis- 
tinguished from rails not corrugated. 


VICTORIA. 


Type « A ». — Straight edge with dial 
indicator for measuring pitch and depths. 
Hardness measure with « Brinell » port- 
able hardness tester. 
Type « B », — Straight edge and taper 
gauge. 
Dynamic wire resistance strain measuring 
equipment by Hathaway Instrument Com- 
pany, consisting of the following units: 


1. Power supply unit (Type PSA-17) con- 
sisting of rectifier, regulator and oscillator 


a <= 


May 1958 


sections supplying power for operation of 
the strain gauge control unit. 


2. Strain gauge control unit (Type MRC-17) 
consisting of amplifier and demodulator 
units. 


3. Photographic recording 
(Type S8-B) containing 
of the bifilar type. 

The strain gauges used with this equip- 


ment are of the Baldwin SR-4, Phillips or 
Tinsley type. 


oscillograph 
galvanometers 


Due to the shortage of technical staff 
and more urgent work, stress measurements 
on rails, which have been commenced, have 
had to be terminated. 


JAPAN. 


Wire resistance strain gauge in measur- 
ing stresses in rails. 


Wire strain gauge is stuck to the upper 
part (gauge side) of rail base at respective 
positions of ridge, groove and mid-slope of 
undulatory wear, in order to measure 
stresses in rails caused by trains running 
on the track. Also, deflection gauges are 
attached to the lower side of the bottom 
of rail in order to measure deflection in the 
middle part of rail base when trains run 
on the track. 


BRITISH RAILWAYS. 


Refers to the British Railways Research 
Department report Nos. E145 and E69 
which deals with « Measurement of rail 
corrugation on concrete sleepered track 
with resilient pads » and « A preliminary 
investigation into the magnitude and fre- 
quency of dynamic stresses in elastic rail 
spikes ». 


EAST AFRICA. 


No information. 


SWEDEN. 


Do not use any special measuring and 
recording equipment for studying corrugat- 
ing of rails. 
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NEW ZEALAND. 


Tests have been carried out, 
primarily for undulatory wear. 


but not 


Extensive wire resistance strain gauge, 
stress and load measurements have been 
made under steam, diesel and electric loco- 
motives on straight and curved track to 
determine the main stress on base of rail 
and vertical and lateral loads between rail 
and sleepers. Head contact stresses have 
not been regarded as critical on the New 
Zealand System, so that stresses of this 
nature were not specially measured. 


Record of sonic frequencies were made 
using the 2000 cycle response equipment 
and the results appeared to be in line with 
French experiments. 


Equipment designed and built by the 
New Zealand Department of Scientific and 
Industrial Research and included : 


1.A 1000 cycle per second response six 
channel simultaneous Cathode Ray Tube 
recorder, complete with camera. 


2.A 2000 cycle per second response six 
channel Cathode Ray ‘Tube _ recorder, 
complete with photographic attachments. 


SOUTH AFRICAN RAILWAYS. 


Straight edge and wedge gauge for mea- 
suring depth of corrugations. 

Measuring lengths and depths of corruga- 
tions over 3 rail-lengths, beginnings, middles 
and ends of curves. Analysis not fully 
undertaken, mostly based on life of rails. 


ASSOCIATED AMERICAN RAILROADS. 


A 48-inch straight edge supported at each 
end on the running surface with sliding 
« Ames » dial to determine the profile of 
the top surface of the rail through the area 
containing the undulatory wear. 


For determining the bending or flexural 
stresses in the rail base; we use « Baldwin- 
Southwork SR4 » type gauge with electronic 
amplifiers and magnetic galvanometers des- 
igned to accurately record a frequency of 
1500 cps, which have been found fast 
enough to accurately measure impact effects 
of this nature in the rail. 
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By placing Statham accelerometers having 
a natural frequency of 1500 cps, on some 
of the sleepers in the area containing un- 
dulatory wear and make records with the 
same amplifying and oscillographic record- 
ing equipment to show the dynamic effects 
upon the tie accelerations. 


All the measurements described above 
we would make on rails containing undu- 
latory wear, obtaining these records under 
a sufficient number of trains, then we 
would have the rail ground to remove all 
undulatory wear and the measurements re- 
peated to determine the effect of undula- 
tory wear on the rail profiles, flexural 
stresses and tie accelerations. 


EIRE, 


No research work has been carried out. 


NEW SOUTH WALES. 


The equipment utilised on the various 
phases of tests carried out on undulatory 
wear consists as follows: 


Accelerometer, tape recorder and a fre- 
quency analyser. ‘These instruments were 
used to obtain a measurement of the re- 
sonant frequency of incipient corrugation 
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in the vicinity of 2 — inch pitch at a 
speed of 30 m per hour. This was found 
to be 340 cycles per second. ‘The pick-up 
unit was an accelerometer attached to the 
foot of the rail. 


(2) « Vibrograph » instrument to record 
extent of vibration transferred from 
rail to road bed at various speeds. 


(3) Straight edge supported by bracket on 
top of rail flange with dial gauge, 
for measuring extent of corrugation. 
Dial gauge accuracy to 0.0001 of an 
inch — pitch measured to 1/16 of an 
inch accuracy. 


(4) A four (4) channel strain measuring 
bridge manufactured by New South 
Wales Railways with a carrier fre- 
quency of 2000 cycles per second, 
attached to a « Kelvin and Hughes » 
four (4) channel pen recorder. This 
equipment was used to measure ver- 
tical and lateral loads on corrugated 
track in comparison to non-corrugated 
track. No conclusive results were ob- 
tained by use of above instrument. 


LONDON TRANSPORT. 


Straight edge and feeler gauge. 


[ 625 .123 (71) ] 


“Inoculated ’”’ roadbed heaves no more. 


(Railway Track and Structures, September, 1957.) 


A chemical derived from the sulphite liquor waste obtained from pulp manufacture 
is successfully eliminating, on the Canadian National, the need for shimming track as 


shown in the photograph. 


Costing an average of about $1.00 per track-foot, the che- 


mical treatment promises, it is said, a 100 % return on the investment. 


As the winter of 1951 closed in on 
that stretch of Canadian National track 
which lies between Mileposts 104 and 105 
on the Jonquiere subdivision an all-too- 
familiar story began to unfold. 

Capillary moisture, creeping upward 
through the subsoil, had formed layers 
of water at and above the frost line 
beneath the roadbed. With the first 


provide run-offs from the heaved spots. — 
Nature had again performed her annual 
track « raise » at this and uncounted 
other locations on the railroad. 
Between MP’s 104 and 105, some $ 108 
were spent in the winter of 1951-52 for 
shim materials, while some $ 96 were 
expended in labor to install the shims 
and then, as spring came, to remove them 


Scenes like this are disappearing on the Canadian National. 


« hard » freeze, this water solidified and, 
as it was transformed into ice, expanded 
as only water will do. The pressure 
created by this expansion thrust the now 
hardened roadbed upward. The more 
water that collected, the greater the ex- 
pansion, and the farther the track was 
heaved up. Slow orders were issued and 
maintenance crews installed wooden shims 
between the tie plates and the ties to 


12 


e 


as the track settled to its former level. 

During the following four winters, on 
the other hand, a grand total of only 
$ 14.68 was spent for shim materials and 
a mere $ 59.88 expended for the neces- 
sary labor which, in the interim, had 
become a progressively higher-priced com- 
modity. What had happened to bring 
about this considerable reduction in costs 
— and average annual savings of over 
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$ 175? Just this: Frost heaving had been 
cut drastically through injections into the 
roadbed of a chemical derived from a 
by-product of sulphite pulp manufacture 
— called Lignosol. 

It was almost six years ago now that 
Lignosol Chemicals, Ltd., Quebec City, 
Que., first attempted chemical control of 
frost heaving in co-operation with the 
CNR at the location referred to. <A 
100-ft long section of track where annual 
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$ 2400 in labor. The cost of the Ligno- 
sol applied through the winter of 1955-56 
was some $ 3100 to which is added a 
labor cost of $ 2650. ‘The total cost of 
applying Lignosol — $ 5750 — is con- 
sidered an investment inasmuch as the 
average savings per year in shimming 
materials and labor run well over $ 3000 
for the 34 locations so treated. 

All in all, for the 34 locations where 
Lignosol was applied, an annual return 


Injection pipe for applying Lignosol to the roadbed is driven 
to a predetermined depth with a jackhammer. 


heaving had been particulary severe was 
treated. The heaves promptly  dis- 
appeared. They have not recurred since, 
nor has the treatment been _ repeated. 
Heartened by this early success, which 
came upon the heels of years of extensive 
research and laboratory testing, additional 
sections of track were treated. 


Through 1956, the CNR had applied 
Lignosol at 34 separate locations, accord- 
ing to the manufacturer. This company 
estimates that the average annual savings 
incurred by eliminating the need for 
shimming is about $ 740 in materials and 


of about 56 per cent on the original 
investment is being realized. Reports are 
that no location which has been so treated 
has required a second application. 


What is Lignosol ? 


Lignosol is a chemical derived from the 
sulphite liquor waste obtained in the pro- 
duction of pulp for paper manufacture. 
According to the manufacturer, the pro- 
duct is a dispersant which, combined with 
subsoil compaction under traffic, effec- 
tively reduces the permeability of the 
subsoil to the extent that frost heaving 
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is virtually eliminated. After innumer- 
able tests in the laboratory and in the 
field, the manufacturer points out: « It 
remains to be established conclusively that 
reduction in permeability is the reason 
for elimination of frost heaving; for the 
present, it is the best explanation we 
have >. 

Frost heaves, according to Lignosol spo- 
kesmen, are not due to the freezing of 
moisture initially present in the soil, but 
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frost line does not occur, say Lignosol 
technicians. In a clay soil, they add, the 
capillary movement of moisture is so slow 
that large ice layers do not form. How- 
ever, in soils whose grain size is inter- 
mediate between that of clean sands and 
clays, that is, silty sands, and silt soils, 
maximum growth of ice layers occurs be- 
cause of the comparatively rapid rate at 
which capillary moisture can move 
through such soils. 


Pumped at a pressure of approximately 20 psi, 
Lignosol is injected until it breaks through to the surface. 


rather to the freezing of water brought 
up to the frost line by capillary action. 
This movement they explain, results in 
the formation of layers of ice in the soil 
at the frost line that may attain con- 
siderable thickness. The important fac- 
tors of this process, which are extremely 
variable, are the distance from the frost 
line to the groundwater level, the grain 
size distribution of the soil, and perme- 
ability. 

In clean gravel or sand, in which there 
is practically no capillary movement of 
moisture, the growth of ice layers at the 


A dollar a foot. 


At many locations, it is reported that 
good results have been obtained with 
treatments in which the proportion of 
Lignosol injected into the soil was con- 
siderably less than that suggested by the 
original experimental work. The prac- 
tical operating treatment was found to be 
25 gal of Lignosol B every 6 ft on both 
sides of the track. ‘This worked out to 
5 tons of chemical for each 100 track-feet 
at a cost of approximately $ 1.00 per foot. 

In the course of the work done on the 
CNR, it was discovered that the mineralo- 
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gical classification of the soil did not 
seem to be a major factor, since sites 
were chosen without regard to the geology 
of the terrain. Drainage, says the manu- 
facturer, is of doubtful importance. Suc- 
cessful treatments it is said, have been 
made in cuts, on level track and in high 
embankments. 

Poor results were obtained where the 
treatment was made late in the season 
after the surface of the ground had frozen. 
However, two of the sites so treated in 
1953 began to show improvement two 
years later. 


How Lignosol is applied. 


The objective of the Lignosol treatment 
is, in effect, to form a barrier between the 
ground water and the frost line. The 
proper depth at which Lignosol should be 
injected may be estimated from the date 
at which the heave first appears and will, 
in most cases, be found to be between 
3 and 4 ft below the surface. 

The chemical is applied to the roadbed 
by means of injection pipes driven to the 
required depth. Lignosol is then pumped 
into the ground until it breaks through 
to the surface. The hole for the pipe is 
usually started with a lining bar. The 
pipe, 1 °/,, in. in outside diameter, is 
equipped with a jackhammer bit and a 
sliding point which prevents it from be- 
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coming plugged during driving. After 
the pipe is driven to the established 
depth, it is withdrawn 2 or 3 in, opening 
the sliding point. 

Sometimes, it has been found that the 
soil seems to be completely impermeable 
and no penetration of the chemical is 
obtained. In such cases, it has been 
found, penetration can be achieved by 
gently raising the pipe somewhat. Care 
must be exercised inasmuch as the seal 
between the pipe and the surrounding 
ground is easily broken. Resistance to 
penetration. can often be overcome by 
merely twisting the pipe. High pumping 
pressures tend to break the earth seal 
around the pipe, although at greater 
depths they are often necessary. Once the 
Lignosol has begun to flow into the 
ground it has been found that a pressure 
of 20 psi is normally adequate. 

Injections are usually made at 6-ft in- 
tervals. With this spacing, 25 gal of 
Lignosol « B » at 40 per cent strength 
will provide a concentration of 3 per cent 
(solids basis) in a layer 1-ft thick, assum- 
ing a soil density of 100 Ib per cu ft and 
uniform lateral penetration of the chem- 
ical. In practice, however, penetration 
is usually found to be erratic and Ligno- 
sol is pumped until the seal around the 
pipe is completely destroyed or until it 
breaks through some crevice to the sur- 
face. 


[ 625 .216 ] 


Hydraulic buffer for wagons. 


Efficiency and economy claimed for design based on experience 
with aircraft landing gear. 


(The Railway Gazette, October 11, 1957.) 


The design of the Dowty hydraulic buf- 
fer is derived largely from those of various 
hydraulic shock absorbers for aircraft land- 
ing gear, and based on experience there- 
with. Although the problem of arresting 


low enough in cost to justify its use in 
large quantities and must continue to func- 
tion efficiently for several years with the 
minimum of attention. 

Figure 1 shows how these problems are 


oe 16T ; 
B 96610 


Test rig using electronic strain gauge equipment. 


the motion of a freight wagon with the 
minimum of shock is basically similar to 
that of absorbing as quickly and as smooth- 
ly as possible the landing impact of an air- 
craft, the railway hydraulic buffer must be 


being dealt with in the Dowty unit. ‘The 
shank of the buffer head which forms the 
piston is screwed and pegged to the head, 
so forming a rigid attachment, but allow- 
ing a standard shank to be used with alter- 
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native heads. Manufacture of these com- 
ponents is considerably facilitated and 
cheapened by the use of two parts. In a 
similar way and for similar reasons the 
cylinder in which the piston slides is also 
screwed into the rectangular mounting 
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filling and so maintains the correct volume 
of air. 

A single low-rate recoil spring is carried 
inside the piston. This spring is made 
from ground bar, operates at a low stress 
range, and has practically unlimited life. 


Hydraulic buffers moving to despatch bay after pressure testing. 


flange. A conical seating is provided for 
the cylinder and to ensure that no leakage 
occurs at this joint an « O » sealing ring 
is trapped between the joint faces. 


Hydraulic reservoir. 


Surrounding, and extending for the 
length of the cylinder, is the hydraulic 
reservoir. This is a solid drawn tube, weld- 
ed to the back plate and shrunk on to the 
cylinder at the front end. The tube is 
mounted eccentrically to the cylinder, with 
the wide section of the annulus at the top 
to form an air cushion chamber. At 45 deg. 
to the vertical axis is the filler plug boss; 
this position automatically prevents over- 


The outstop for the piston is provided by 
a shoulder on the piston which makes con- 
tact with a split abutment ring fitted in a 
recess at the front of the cylinder; the split 
ring is retained by a stainless steel circlip. 


Sealing of piston. 


Sealing of the piston against leakage is 
obtained by the fitting of a synthetic rub- 
ber « O » ring, backed up by a rectangular 
section nylon ring in the same groove. To 
ensure that this seal is not subject to high 
pressure, a high pressure leakage groove, 
connected by drilled holes to the reservoir, 
is placed on the pressure side of the seal. 

The surface of the piston is chrome plat- 
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ed and polished and operates with a dia- 
metral clearance of .004/.006 in. in the 
cylinder. The exposed portion of the pis- 
ton attached to the buffer head is reduced 
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into the reservoir. ‘The resistance of the 
buffer to closure is obtained from the re- 
striction to flow through the holes, the 
amount of restriction being proportional to 
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Fig. 2. — Automatic variation of resistance to speed of 
impact between Dowty hydraulic buffers. 


IMPACTS BETWEEN A DOWTY 
BUFFER AND A SELF-CONTAINED 
SPRING BUFFER ON WAGONS OF 
24 TONS ROLLING WEIGHT 
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Fig. 3. — Reaction of impact between hydraulic and 
self contained spring buffers. 


in dia. to prevent contact with the cylinder 
bore; in addition the outstop ring acts as a 
wiper. 


Action on impact. 


When an impact on the buffer head 
forces in the piston, oil is discharged from 
the cylinder through a series of drilled holes 


the speed of flow. As the piston approaches 
the end of its stroke some of the holes are 
covered, thus providing an increased resist- 
ance where it is most required. 

When the oil is forced through these 
small orifices the pressure energy is dissi- 
pated as heat and not just stored up as in 
a spring buffer, to be released in the form 
of a violent recoil. 
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This feature of automatic variation of 
buffer resistance according to the speed of 
impact, which is clearly shown in the per- 
formance curves (fig. 2 and 3), is due to the 
fact that resistance to flow through an 
orifice increases as the square of the fluid 
velocity in exactly the same way as the force 
of impact increases as the square of the 
wagon speed. 


When the fluid is displaced from the 
cylinder into the reservoir, the air, which is 
at atmospheric pressure, is compressed 
slightly. This pressure is used to return 
the oil to the cylinder on recoil. Excessive 
speed of recoil is prevented by the flow 
resistance of the ports into the cylinder. 
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Durability. 


The buffer is made throughout in high- 
grade steel of robust proportions, but with- 
out excessive weight. Development testing 
included many thousands of shunts over a 
range of speeds and wagon weights and also 
a considerable amount of side loading with 
impacts up to 3 in. out of alignment. Fluid 
leakage both on test and in service has 
been very slight, this being largely due to 
the absence of any internal pressure in the 
buffer in the normal position. The fluid 
capacity is 10 pints, which is 1 1/2 pints. — 
above that required to fill the cylinder. 
Tellus 33 or Shell 104 are the makers’ re- 
commended oils. 


[ 656 .212 .5 (47) ] 


Marshalling technique in the Soviet Union, 


by Prof. Dr.-Ing. habil. Gerhart PoTruorr, 


of the Dresden Higher Transport School « Honorary Railwayman» of the German Democratic Republic. 


(Deutsche Eisenbahntechnik, No. 4, April 1957.) 


1. Special marshalling conditions 
in the Soviet Union. 


All large Railway Administrations have to 
make considerable efforts to organise the 
making up and shunting of the trains. It 
is only possible to make the freight wagons 
converge at certain points on the system, 
the marshalling yards, if these have a suf- 
ficient capacity. The large capacities in- 
volved make mechanisation of the technical 
operations essential and encourage their 
automatisation. The great importance of 
a highly developed marshalling technique 
is well recognised in the Soviet Union; the 
large marshalling yards are already mainly 
mechanised and their automatisation is on 
the agenda. So much we can learn from 
the study of substantial specialised public- 
ations, the bibliography of which given 
further on is only a small extract, selected 
more or less arbitrarily. Important works 
by Soviet authors are also available in 
German translations [17] [18]. But such 
studies of the technical literature are con- 
siderably deepened if one has a chance to 
study the development of marshalling tech- 
nique in the yards. 


During the summer of 1956, in the 
framework of scientific-technical collabora- 
tion the author had the opportunity of 
visiting certain marshalling yards in the 
Soviet Union and exchanging views with 
eminent representatives of the Railway 
Administration, as well as of the research 
and study institutes on topical questions 
affecting marshalling technique. ‘The pre- 
sent article is intended not only to give a 
brief review of the development of marshal- 
ling technique in the Soviet Union but also 


to indicate the problems which the Soviet 
railway engineers are trying to solve. 

In this connection, the special conditions 
in which Soviet railwaymen work must not 
be forgotten. There are first of all the 
well known climatic conditions, with their 
low temperatures and heavy falls of snow, 
which are frequent and prolonged in the 
north and east of the country. Then there 
is the vast scale of different weights of 
wagons to be shunted, from the empty four 
wheeled wagon weighing about 7 t [24] to 
the loaded six axled wagon weighing some 
127 t (8). Only a very small proportion of 
the wagons are equipped with hand brakes, 
so that these do not enter into the tech- 
nique of marshalling. All the new wagons 
and many of the old ones are equipped 
with automatic couplings with centre buf- 
fer; in certain regions only wagons with 
automatic couplings are allowed; in the 
others, the wagons will all be so equipped 
by the end of the present five year plan. 
It has been decided to equip the goods 
wagons with roller bearings. The carrying 
out of this step will naturally take some 
time. 


2. The mechanised humps. 


The main humps of the marshalling yards 
are always one of the most important work- 
ing points. It is at these very heavily 
loaded points that mechanisation first be- 
comes essential and brings the greatest 
advantages. 


2.1. Track layout at the gravity humps. 


Between the tracks of the entry ladder 
tracks and the head of the shunting ladder 
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tracks, there is often a fairly long inter- 
mediate section (neck) with two entry 
tracks. This section is useful as it makes 
it possible to reach the level of the hump 
without having to raise the entry sidings 
themselves. In addition, this intermediate 
section facilitates the work of the men re- 
sponsible for uncoupling who are hindered 
by the points at the end of the entry lad- 
der tracks. For some time, this interme- 
diate section has been found to be a very 
useful reserve when it is question of extend- 
ing the sidings of the entry ladder tracks. 
This problem is a topical one in the Soviet 
Union because with the possibility of devel- 
oping considerable tractive efforts by the 
use of Diesel or electric locomotives, the 
very heavy trains now weigh as much as 
3000 to 4000 t and in the future will 
weigh 7000 to 8000 t. The present sid- 
ings, 720, 850 or 1050 m long will then 
be insufficient to take complete trains [3] 
[11]; they will be at least 1250 m long. 
These problems are eased by the introduc- 
tion of wagons having a high weight per 
linear metre. In addition to the usual 
covered wagons of 22.7 t tare and 60 t 
loaded weight, ie. having a weight per 
linear metre of 82.7/13.92 = 5.94 t/m; for 
some time, they have been building six- 
axled wagons with a tare of 31.6 t and 95 t 
load, ie. a weight per linear metre of 
126.6/16.4 = 7.72 t/m [8]. When such 
wagons are used, without altering the 
length of the sidings the weight of the 
rakes can be increased by 7.72/5.94 = 1.3 
times. Compared with the old two axled 
wagons, the increase is still greater. 

The two tracks of the intermediate sec- 
tion between the entry ladder tracks and 
the hump are sometimes connected together 
immediately in front of the hump, so that 
the spreading out of the sidings towards 
the shunting ladder tracks starts from a 
single main track, which simplifies the 
brake installations. The shunting sidings 
themselves are strictly grouped together as 
a ladder track, so that beyond the final 
braking stage, there are not more than 6 
to 8 sidings [1] [13] [19]. The brake stages 
are generally two, the first on the main 
track of the ladder track, the second beyond 
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the points where the ladder tracks open 
out. In view of the great length required 
for track brakes, which will be dealt with 
in paragraph 2.3, there are very severe 
restrictions on the layout of the tracks in 
plan, because the track brakes must be laid 
on straight sections. 

At the heads of the ladder tracks, sym- 
metrical 201—1 : 6 switches are often laid 
with a length of 17.37 m [2] [17]. 


2.2. The longitudinal profile of the gra- 
vity humps. 

To find the most favourable longitudinal 
profile for gravity humps, much attention 
has been given in the Soviet Union to the 
determination of the running resistances. 
In particular, a thorough study has been 
made of the resistances at very low tem- 
peratures [9] [20]. In the instructions con- 
cerning the projects [2] [5], detailed indica- 
tions are therefore given about the running 
resistances of very free running wagons, 
free running wagons and poor running 
wagons at normal temperatures (+5° and 
over) and for several ranges of low tem- 
peratures (down to minus 40° C). ‘There is 
also a differentiation between currents of 
wagons composed for the most part of load- 
ed wagons and those consisting of a mixture 
of loaded and empty wagons. ‘The resist- 
ances of the poor running four-axled wa- 
gons are sometimes definitely greater than 
those for the two-axled wagons. At low 
temperatures, hot oil is poured in the boxes 
shortly before shunting, which restores the 
running resistances to the values correspond- 
ing to those at normal temperatures [20]. 

When taking air resistance into account, 
the fact that in general extremely low tem- 
peratures and the strongest winds in the 
most unfavourable direction do not occur 
in the same season is taken as a basis. ‘The 
resistance due to track installations, which 
is 2 °/,,, is only applied over the length of 
the point and frog (for about 10 m alto- 
gether) so that each track installation only 
represents a loss in height representing the 
energy of 20 mm [2]. As far as the resist- 
ance due to curves is concerned, on the 
average this is based on a radius of 700 m 
[14] for the four and two axled wagons. 
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Bringing the trains up to the hump is 
simplified when the entry sidings are not 
arranged on the level followed by a slope 
to reach the top of the hump, but when 
there is a slight down slope of 2 to 2.5 °/,, 
between the entry ladder tracks and the 
hump. This consideration is of particular 
importance in the case of the extra heavy 
trains of the future. 

In general, at the present time, in the 
Soviet Union, the profile used for the 
shunting sidings includes a short accelera- 
tion section on a slope of about 40 °/,,, 
followed by a fairly long slope of 15 to 
20 °/,,, in which the actual zone of the 
points is on a slope of 3 to 4 °/,,. This 
profile helps trouble-free shunting since the 
wagons do not get up any excessive speed. 
From the point of view of the output, it 
is better to have a profile which includes 
a fairly long slope of 50 °/,, and more to 
speed up the wagons, a short intermediate 
slope of 15 °/,, where the brakes at the 
foot of the hump are sited, and a level 
section for the points or with a slight slope 
(1 to 1.5 °/,.). ‘This profile will be used 
for the new high capacity installations. 

The shunting sidings are generally laid 
on the level so that it is not possible to do 
without some means for closing up the rakes. 
The value of a slight slope in the first one 
third of the shunting sidings is recognised. 
During a large scale trial, we were able to 
observe the closing up of the rakes by the 
use of a 35 HP caterpillar tractor. This 
operation is greatly facilitated by the wide 
space between sidings, which is 5.3 m and 
allows of great manoeuvrability for the 
tractor. When the tractive effort of the 
engine in the direction of shunting is insuf- 
ficient to start a group of wagons moving, 
a part of this group was set back a little 
and then pushed forward at a low speed by 
the tractor to overcome successively the start- 
ing resistances of a long rake. The tractor 
is manned by a driver and a second man 
who couples and uncouples the couplings 
of the wagons. The question of consolidat- 
ing the track on which the tractor runs had 
to be solved. On non-consolidated ground, 
it breaks up the earth to some depth. If 
the ground is covered with heavy timbers 
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or concrete slabs, there is a risk of reduc- 
ing the adhesion of the tractor tracks. 
There are no marshalling yards in the 
Soviet Union on a continuous slope. They 
are however closely studying all the inform- 
ation relative to experience obtained in 
this connection in other countries, so as to 
profit if needs be by the advantages of this 
type of yard. 

In the shunting yard a special braking 
method is used, the wagons not being 
spread out at the end of the ladder tracks 
but allowed to continue running as far as 
possible, so that the sidings are filled up 
from the bottom end. To do this it is 
necessary for the sidings to have a longitu- 
dinal profile specially designed with this 
object in view. 

Changes in the gradient are rounded off 
at a radius of 250 m. 


2.3. The track brake. 


The core of the mechanisation of a mar- 
shalling yard is the use of powerful track 
brakes. Besides trials of telecontrolled shoe 
type brakes, the Soviet engineers have paid 
particular attention to clasp type brakes. 
The type 39 cam brakes previously used 
are still in service, but are being replaced 
more and more by the types 40 or 50 clasp 
type brakes. These two forms of brake 
have been the subject of detailed descrip- 
tions [17] [18]. The type 40 is being re- 
inforced when general overhauls are carried 
out (40 U), or replaced by the type 50 
which is of more robust construction. All 
these brakes are two-stage braking equip- 
ment which do not work automatically as 
a function of the weight, in other words the 
braking effort is not specifically adapted to 
the weight of the wagon. When braking 
an 80 t wagon, the specific braking effort 
is between 0.038 and 0.058 [2], in other 
words 1 m braking length destroys a height 
representing the energy equal to this figure. 
A gravity hump of 4 m high therefore 
requires track brakes having a total length 
Of F410058R= 09. metomy 0.058 eal 0b een 
according to the type used. 

As the specific braking effort for the 
future six-axled wagons will be still lower 
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than the above figures indicate, it is of 
interest to devote time to the designing 
of automatic brakes working as a function of 
the weight [5]. We were shown in service 
the prototype of a brake of this type 
(Ratnikow type). 

The types 40/50 brakes are noted for 
their great reliability. Whereas the 39 
brake only slowed down about 2 million 
axles between general repairs, the type 40 
will brake 5 million under identical condi- 
tions, the type 40U 7 millions and the 
type 50 up to 10 million. When sited in 
such a position that all the wagons shunted 
run over it, a brake of this type will remain 
in service for about 4 years, and in the 
lower braking position, where it gets less 
use, 8 to 10 years. It is true that during 
this period, the parts really subject to fric- 
tion, the brake jaws, are replaced several 
times in service [18]. When a general 
repair is necessary, the track brakes, which 
weigh about 20 t (type 50) are taken up 
by means of a heavy revolving crane. The 
track is only blocked for 5 to 6 hours for 
this purpose. 

The types 39, 40 and 50 track brakes are 
operated by compressed air, the valves 
being controlled electrically from the signal 
box. The compressed air is also used on 
the gravity hump to operate the points 
(see paragraph 2.4) and for getting rid of 
snow. For this purpose, there is usually a 
jet near the points to which a compressed 
air pipe with a nozzle is connected. At the 
entry points, which are the most heavily 
loaded, a network of tubes is fitted under 
the blades, with 2 x 6 nozzles worked either 
by a valve near the points or, more recently, 
from the signal box. As the snow is gener- 
ally dry snow, the jet of air works satis- 
factorily. 

The multiplicity of the possibilities of 
using compressed air has so far kept Soviet 
engineers from using hydraulic operation 
of the track brakes. This latter method has 
the advantage of obeying the control im- 
pulses very accurately, whereas the gears 
with compressed air have slightly more 
inertia. This advantage has not escaped 
the notice of Soviet technicians and it is 
likely that with the development of auto- 
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matic control of the brakes, it will be im- 
possible to avoid using this method; con- 
sequently at the present time hydraulic 
control is under study. 

The track brakes are operated by em- 
ployees stationed respectively near the up- 
per and lower braking positions. As far as 
the latter is concerned, the installation of 
an elevated post in the middle of the lad- 
der tracks gave less satisfactory results than 
two posts at the sides which had a better 
view. As each stage of brakes consists of 
two or three sets of apparatus which are 
separately operated, very carefully adjusted — 
braking is possible. Trials are in hand for 
using automatic control. It is proposed first 
of all to use semi-automatic control, with 
which the operator records the desired speed 
on leaving the equipment and the weight of 
the wagon in three steps on push button 
scales, and the brake is released automatic- 
ally when this speed is reached. ‘To measure 
this, the rail is divided into several sections 
electrically isolated one from the other. 
The speed can then be measured by using 
electric circuits. It is a question however 
if the isolation can be maintained on the 
brake with the accumulation of brake dust. 
Use is also made of contacts fitted in the 
brake itself and worked by the wheel. ‘To 
get complete automatisation, it will also be 
necessary to measure the weight of the 
vehicle, before it reaches the apparatus. 
The operation which seems most difficult 
to the Soviet engineers is the measurement 
of the distance to be travelled beyond the 
brake. When the wagon has to travel as 
far as another at rest on the shunting sid- 
ing which it must only reach at a moderate 
speed, it is possible to measure the distance 
to be travelled. But there is some doubt 
about this when the first wagon is still 
moving and the distance between the brake 
and this wagon is constantly varying. ‘The 
collecting of the three measurements : 
weight of the wagon, speed and distance 
to be run in a calculating machine and the 
determination of the shunting orders re- 
quired presents no fundamental problems. 

As regards the difficulties already report- 
ed in paragraph 2.2 of closing up the wa- 
gons on the shunting sidings and filling in 
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gaps, attempts have been made to overcome 
this in the Soviet Union by installing a 
third braking stage on each siding, in the 
form of either short type 50 brakes, or auto- 
matic equipment working as a function of 
the weight, about 5 m long. This stage of 
braking is then intended to brake the 
wagons to a stop as far as possible when 
they have reached their destination. 


2.4. The shunting posts. 

High shunting speeds are only possible 
when the points are suitably equipped. The 
clearest are those with track diagrams, in 
which the levers are sited in the topologic- 
ally correct place on the siding plan. When 
the number of successive wagons. is fairly 
high, individual control of the points pre- 
sents difficulties and it is then of interest 
to adopt route control levers. As a third 
stage, it is possible to make use of a record- 
ing of all the routes corresponding to the 
shunting of a train. The objection some- 
times made to recording the routes is that 
it makes it difficult to make any alterations 
during shunting. 

The marshalling note used currently in 
Germany is unknown in the Soviet Union. 
The « operator » in the shunting box works 
from a list something like our stock bor- 
dereau. He announces by loud-speaker the 
different shunting movements to the satelite 
posts and pointsmen, and himself operates 
the first brake, and in certain cases the first 
set of points as well. The brake operators 
in the satelite posts also operate the sets of 
points in their section. ‘The brake levers 
and lever controlling the points are sited 
besides each other on the desk. The shunt- 
ing speeds reached with this method of 
work are considerable (1.2 to 1.5 m/sec); 
when large groups of wagons are being 
shunted, they are even higher (2 m/sec). 

The devices controlling the points by 
compressed air take 0.5 sec to operate 
(0.9 sec with the check). The points equip- 
ped in this way have a simple keyed bal- 
ance-bar which is a sort of articulated lock. 
The other sets of points controlled by 
electric motors have no keyed balance-bar, 
but a device controlling the position of the 
points is included in the controls. 
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2.5. Communications during shunting 


operations. 


Light signals are used as marshalling 
signals. In addition to the signals « mar- 
shalling authorised » (white light) and 
« marshalling forbidden » (blue light), there 
are shunting signals on the hump with 
three indications : « shunt at high speed » 
(green light), « shunt at reduced speed » 
(yellow light) and « stop » (red light). The 
red light also includes an additional signal 
consisting of the Russian letter N (nasad = 
back), which orders reversed running. ‘The 
shunting signals are operated from the 
shunting post and sited all along the entry 
lines to the hump, with repeaters. 

With this organisation, the yard foreman, 
who moves along the train, has difficulty 
in speaking to the driver. In addition, 
visibility of the signals is not very satisfac- 
tory in bad weather. The shunting loco- 
motive is therefore equipped with acoustic 
signals worked by the track circuit. The 
transmission of coded current on the loco- 
motive makes use of devices similar to those 
used for optical signals in the driver’s cab 
when running on the line. The track cir- 
cuits are operated by the foreman, there 
being several posts with push buttons along 
the track. The Soviet railwaymen are still 
not completely satisfied with this organisa- 
tion and hope to get better results by using 
radio. Ultra-short wave equipment is avail- 
able for both fixed posts and use on the 
locomotives. In the case of portable sets, 
an apparatus is being studied which will 
probably work by means of transistors. 
Intensive use is made of loud-speakers. 

We were shown as a curiosity a funicular 
installation for transporting the waybills 
from the arrival to the departure office. 
Small trucks operated by a motor run over 
two carrying cables which also supply the 
current. In bad weather, this equipment 
is troublesome. 

As regards the lighting, there is nothing 
special to report. High towers are often 
seen for lighting by means of floodlighting. 
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3. The development of shunting 
by fly shunting rakes. 


The technicians of the Soviet Union have 
not confined themselves to perfecting grav- 
ity marshalling and its mechanisation. ‘They 
are very interested in fly shunting, which 
is the only shunting method in a great 
number of small and averaged sized yards, 
and is even being used in large yards to 
make up trains from the draw out siding. 
It should be noted in this connection that 
no classification by station is used in the 
ladder tracks and the rakes are formed at 
the ends of the shunting sidings. 


Now, various inventors of railway services 
have suggested and successfully applied dif- 
ferent fly shunting methods which have 
certain advantages compared with the sys- 
tem of shunting single units. 


In the Karachkevitch’s method of fly 
shunting by multiple groups, a group of 
wagons that have been previously uncoupl- 
ed into the desired units is set in motion 
by the locomotive. When the group is 
started, it is first of all moved as a block 
but then split up by means of the brake 
skid shoes, which are introduced from the 
side by a pole under the second wagon of 
the group and the succeeding wagons, then 
thrown out by the frogs (similar to the 
Bissing apparatus). By inserting shoes sev- 
eral times, it is possible to get sufficiently 
large gaps between the wagons of the group 
for it to be possible to operate the points 
between them [21]. 


With continuous fly shunting on the 
ArcHipoy and LourcHkow methods, the 
driver speeds up the group of wagons till 
the speed is great enough for the first wa- 
gon which has already been uncoupled. 
Then he brakes the rake slightly from the 
locomotive. The braking effect on the 
group of wagons gives the shunter a chance 
to uncouple the second wagon. Then the 
driver starts a second braking stage which 
is used to uncouple the third wagon. The 
speed of the rake being shunted is reduced 
in this way in several stages until it comes to 
a stop or has to be speeded up again. The 
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method requires very close collaboration be- 
tween the foreman, who gives the shunting 
signals, the driver and the shunter [7]. To 
throw out the screw couplings, the shunter 
generally uses duralumin poles about 1.80 
to 2 m long which weigh 4.5 to 5 kg and 
give better results than steel poles. 


With the GouRJEV method of fly shunt- 
ing in series, the rake to be shunted is 
slightly braked after the first wagon has 
been sent off but without waiting for it to 
stop. Starting from this state of movement, 
the rake is again accelerated and then 
braked. During these operations the speed 
varies between 12 and 4 km/h [6] [21]. The 
special feature of this method lies in the 
fact that the driver never closes his regula- 
tor. This remains open all the time. The 
different degrees of braking are obtained 
by means of the auxiliary brake. To begin 
with the drivers were afraid that this me- 
thod of operating would lead to excessive 
wear : these fears have been proved 
groundless. The locomotives are equipped 
with profiled brake shoes which act not 
only on the surface of the tread but also 
on the flange. 


It is obvious that this method of working 
can only be used with very experienced 
shunting staff. But they also require par- 
ticularly favourable gradient conditions in 
the draw out sidings, for example a slope 
of 3 to 4 °/,, which has to be laid out 
very carefully [25]. 


If the draw out siding has a continuous 
slope of 3 to 3.5 pen it is possible to leave 
it to gravity to bring the rake to the knock- 
ing off point, provided it has previously 
been speeded up to the correct speed by 
means of a shunting locomotive [12] [26] 
[28]. The locomotive then only has to over- 
come the starting and acceleration resist- 
ances, and can leave the draw out siding 
through a branch line to go and pick up 
the next rake and bring it to the draw out 
siding. This method has been suggested 
and used by TCHERNELEWSKIJ. Here again 
the plan and longitudinal profile must have 
suitable features [25]. A longitudinal pro- 
file which is particularly suitable for this 
method is one with slopes increasing to- 
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wards the shunting or knock off point, in 
other words a track which is incurved in 
the longitudinal section. 


4. The lessons to be learnt from 
the experience of the Soviet Union. 


After this examination of marshalling 
technique in the Soviet Union, it is only 
logical to compare it with the position in 
Germany and draw the necessary conclu- 
sions for our own evolution. The following 
remarks do not pretend to be complete and 
are limited to bringing out certain special 
problems. 


4.1. Wide angle track installations (with 
wide openings). 

The spreading out of the sidings beyond 
the hump need not be so long if wide angle 
track installations (with wide openings) are 
used. The Soviet engineers have shown 
themselves very interested in the switch 
with an outer curve of 49 —215—1 : 4.8 
designed in Western Germany [16]. This 
or a similar type is also going to be intro- 
duced on the Deutsche Reichsbahn. 


4.2. Running resistances. 


A knowledge of the running resistances 
is absolutely essential for a thorough study 
of gravity humps. ‘The introduction of 
four-axled wagons and the intention to use 
roller bearings on the wagons makes it 
necessary to measure the corresponding 
values of the resistance under all atmo- 
spheric conditions. ‘The trials are in fact 
an urgent matter because only when they 
have been completed will it be possible to 
get out the new directives for designing 
the installations. “The measurements ob- 
tained in the Soviet Union make possible 
invaluable comparisons, but do not make 
it unnecessary to carry out such measure- 
ments in Germany also. 


4.3. Track brakes. 


An important factor in designing track 
brakes is the question of their effect on the 
structure gauge. The Soviet Railways will 
not allow any fixed track component to be 
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more than 90 mm above rail level. ‘The 
usual measurements in Germany (120 mm 
on the outside and 130 mm on the inside), 
definitely exceed this figure. The depart- 
ment designing brakes would like to use 
higher values, but have met with uncom- 
promising resistance from the rolling stock 
builders. It appears necessary to conclude 
an international agreement about the height 
to be used in the future, in order to allow 
of the free exchange of wagons. In the case 
of the track brake, the height cannot be 
too great. 

The evolution in the Soviet Union is 
definitely from the track brake which must 
be set for the lightest wagon towards auto- 
matic braking as a function of the weight. 
Owing to the fact that heavy wagons must 
also be expected to run in Germany, it is 
necessary to perfect still more the type of 
brake whose braking force is automatically 
a function of the weight [15]. In this con- 
nection, it is not essential for the automatic 
braking as a function of the load to be 
obtained by mechanical transmission. ‘The 
separation of the operations controlling the 
braking effort, the first being controlled by 
a balance bar in front of the brake, and a 
regulator seems to be a promising idea. 

It appears sensible to begin by applying 
hydraulic control to track brakes, because 
this is the only way in which it is possible 
to get the very carefully adjusted regula- 
tion which automatisation requires. 


4.4. The shunting cabin. 


Shunting cabins should be made in the 
form of cabins with track diagrams. It is 
not adsolutely essential in this connection 
to provide a route recording device capable 
of covering a whole train. On the con- 
trary it appears sufficient to use a device 
which can record a few movements only. 


4.5. Radio for marshalling. 


It is an urgent matter to improve com- 
munications by means of ultra-short waves. 
Equipment, which is easy to carry about, 
designed for shuntsmen, is particularly re- 
quired. 
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4.6. The technique of knocking off or fly 
shunting. 


The example of Soviet railwaymen in the 
field of fly shunting railway wagons should 
be studied and imitated in Germany also. 
Carefully designed shunting sidings for such 
movements will in many cases make it pos- 
sible to avoid costly alterations with very 
high gravity humps. 


Bibliography. 


[1] Barrensew : « Yards and Railway junc- 
tions » (in Russian), « Transsheldorisdat », 
Moscow, 1953. 


[2] BARTENJEW, PaRFENow. UuspDIN : « De- 
signs for large capacity gravity humps » (in 
Russian), Leningrad 1955. 


[3] BELENKIJ, WasILJEW : « Extending the 
arrival and departure sidings » (in Russian), 
« Shelesnodoroshnyj Transport », t. 38 (1956), 
me S-np. 37 to 41. 


[4] Bosrorrna, BrerRKow : « Continuous 
shunting of wagons on the draw out or shunting 
siding » (in Russian), « Transsheldorisdat », 
Moscow, 1952. 


[5] Busanow, Karrow : « Study of gravity 
humps, and half humps and their installation » 
(in Russian), « Transsheldorisdat », Moscow, 
1954. 


[6] DoBROSELSKIJ « Shunting in railway 
yards » (in Russian), « Transsheldorisdat », 
Moscow, 1952. 


[7] Hany, Porrnorr : « Das fliessende Wa- 
genbstossen » (Continuous fly shunting), « Ei- 
senbahntechn. », t. I (1953), N° 8, p. 348 to 349. 


[8] KasansKig : « The new wagons of the 
sixth five year plan » (in Russian), « Shelesno- 
doroshnyj Transport », t. 38 (1956), N° 4, p. 30 
tor34. 


9 LANGHEINRICH, REISS, TILGNER, VOGEL, 
PorrHorr : « Wagenwiderstande im Winter » 
(The running resistance of wagons in the win- 
ter). « Dtsch. Eisenbahntechnik », t. 2, (1954), 
N°.5, p. 191 to 192. 


[10] MarTyYNENKO « The introduction of 
modern technology in marshalling yards » (in 
Russian), « Transsheldorisdat », Moscow, 1952. 


13 


va 


BULLETIN OFTHE INT. RAILWAY CONGRESS ASSOCIATION 819 


[11] Mirenxisy : « How long should the 
yard sidings be if the weight of the trains is 
increased » (in Russian), « Shelesnodoroshnyj 
Transport », t. 38 (1956), N° 6, p. 42 to 46. 


[12] Nixrrmy : « Uber die Arbeitsmethode 
des Rangiermeisters chernelewsky und die 
Projektierung von Bahnhofen » (On the yard 
master Tchernelewsky’s method of working and 
the study of proposed yards). « Eisenbahn- 
technik », t. I, (1953), N° 6, p. 282 to 283. 


[13] Opraszow : « Yards and railway junc- 
tions » (in Russian), « Transsheldorisdat », 
Moscow, 1949. 


[14] PorrHorr « Der Bogenwiderstand » 
(Resistance due to curves), « Wiss. Zeitschr. 
H.£.V. Dresden », t. 2, (1954), No. 3, p. 27 to 28. 


[15] Purrrz, SCHMIDTKE : « Gleisbremsen in 
der Deutschen Demokratischen Republik ». 
(Track brakes in the German Democratic Repu- 
blic). « Dtsch. Eisenbahntechn. », t. 4, (1956), 
Ne 9) p.340 tovs22. 


[16] ReryeruBeR : « Die Entwicklung um- 
fangreicherer Weichenstrassen bei Rangierbahn- 
héfen unter Beriicksichtigung der Fortschritte 
im Weichenbau ». (The layout of large sets 
of points in marshalling yards, taking into 
account recent progress in the construction of 
track equipment). « Wiss. Zeitschr. T.H. Dres- 
den », t. 4, (1954-55), N° 5, p. 761 to 770 and 
« Dtsch. Eisenbahntechn. », t. 4, (1956), N° 1, 
Dp. li fomz2. 


[17] RocinsK1, RopIMow, SUBRILIN : « Me- 
chanisierung des Ablaufberganlagen » (Mecha- 
nisation of gravity installations), Fachbuchver- 
lag, Leipzig, 1954. 


[18] ScurEIpER : « Bau und Unterhaltung 
von mechanisierten Ablaufanlagen » (Construc- 
tion and maintenance of mechanised shunting 
installations). Fachbuchverlag, Leipzig, 1954. 


[19] SemBLINOW et STRAKOWSKIJ : « Notes 
for studying railway yards and junctions » (in 
Russian), « Transsheldorisdat », Moscow, 1955. 


[20] SrrakowsKIJ : « The resistance of 
wagons to gravity shunting down the hump in 
winter » (in Russian), « Transsheldorisdat », 
Moscow, 1952. 


[21] Suskow-Ucrsumow : « The organisation 
of operating railway transport » (in Russian), 
« Transsheldorisdat.», Moscow, 1955. 


820 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


[22] T1cHoMrIrow, KARELNIKOW : « The bases 
of technological operations in marshalling 
yards » (in Russian), « Transsheldorisdat, Mos- 
cow, 1952. 


[23] WERTINSKIJ, POBJEDIN : « New techni- 
ques in yards » (in Russian), « Transsheldo- 
risdat », Moscow, 1952. 


[24] WINOKUROW : 
2nd ed. (in Russian), « 
Moscow, 1953. 


« Vagony » (The wagons), 
Transseldorisdat >», 


[25] « Instructions concerning the calculation 
of half-humps, shunting draw out sidings with 
special profile and marshalling installations on 


May 1958 


a continuous slope » (in Russian), « Transshel- 
dorisdat », Moscow, 1956. 


[26] « Neues im Rangieren der Wagen von 
einem geneigten Ausziehgleis » (Innovations in 
shunting wagons starting with a shunting draw 
out siding on a slope). « Eisenbahntechn. », 
tl 1953), NCES ps ooltoropS. 


[27] « Guide to the duties of the foreman and 
shunter » (in Russian), « Transsheldorisdat », 
Moscow, 1953. 


[28] « Die schdpferische Entwicklung einer 
fortschrittlichen Rangiertechnologie » (The 
creative evolution of a progressive marshalling 
yard technology). « Eisenbahntech. », t. 1, (1953), 
INO Dp. 250. 


MONTHLY BIBLIOGRAPHY OF RAILWAYS” 


PUBLISHED UNDER THE SUPERVISION OF 
~ P. GHILAIN, 


General Secretary of the Permanent Commission of the International Railway Congress Association. 


(MAY 1958) 
[ 016. 385 (02 ] 
I. — BOOKS. 
: 1957 621 .392 
In French. SAHMEL (P.). 
Schweisstechnische Gestaltung im Stahlbau. 
1958 621 Diisseldorf, Deutscher Verlag fiir Schweisstechnik 
Samy. und Braunschweig, Friedr. Vieweg & Sohn. 86 Seiten 
res onicnes. Théorie et technologie. (17 xX 23 cm) mit 228 Abbildungen. (Preis : DM 6.80.) 


Paris, Masson et Ci®, éditeurs. Un volume (18 x 25 
m) de 284 pages, avec 352 figures. (Prix : 4 200 fr-fr-) 


1958 669 
COLOMBIER (L.). 

Méetallurgie du fer. 

Paris, Dunod, éditeur. Un volume (16 x 25 cm) de 


100 pages, avec de nombreuses figures. (Prix : 3 900 fr. fr.) 


1957 385 (03 
UNION INTERNATIONALE DES CHEMINS DE FER. 

(Bureau International de Documentation des Chemins 
de fer.) 

Lexique Général des Termes Ferroviaires. 
~ 1957, Paris, Union Internationale des Chemins de fer, 
10, rue de Prony. Un volume (15 x 22 cm) de 830 pages. 
(Prix : relié toile, 2 200 fr. fr. ou 23.20 fr. suisses.) 


In German. 


1958 385 (07. 2 (43) 
Bundesbahn-Zentralamt Miinchen. 
Die Bundesbahn, Sondernummer Heft 4, Februar 1958. 
Darmstadt, Carl Roéhrig Verlag oHG. 128 Seiten 
(21 x 29.5 cm), mit zahlreichen Abbildungen und 


2 Falttafeln. (Preis : DM 5.60.) 


1957 691 

Leitsitze fiir die Bauiiberwachung im Beton- und 
Stahlbetonbau. 10. Auflage. 

Herausgegeben vom Deutschen Beton-Verein, E.V. 
Wiesbaden, in Zusammenarbeit mit Dr.-Ing. E.h. 
Dr.-Ing. W. NAKONZ, Diisseldorf. DIN A 5, 156 Seiten, 
94 Bilder. 

Hamburg-Rahlstedt, Vertriebsstelle H. Schuman, Paal- 
ende 35. (Preis : geheftet, DM 6.—.) 


1957 621 .3 


Dr. techn. W. OBURGER. 

Die Isolierstoffe der Elektrotechnik. 

Wien, Springer Verlag. 542 Seiten Gr. 8° mit 356 
Textabbildungen und 3 Ausschlagtafeln. (Preis : Ganz- 
leinen S 660.—, DM 110.—.) 


In English. 


385 (09 (71) 
CURRIE (A.W.). 

The Grand Trunk Railway of Canada. — One volume 
(9 1/4 x 6 in.) of 556 pages. 

London : Oxford University Press, Amen House, 
Warwick Square E.C. 4. (Price : £ 3.8.0 d.) 


1958 625 
HAY (W. W.). 

Railroad Engineering, Vol. I. 

One volume of 483 pages (6 by 9 1/4 in.) illustrated. 


Cloth. (Price : $ 8.50.) 


1958 
MANN (R. H.). 
Steam locomotive design, Part II, 
One volume of 114 pages. Illustrated. Paper covers. 
(Price : 6 shillings) 


621 .131 


1958 

Nigerian Railway Corporation. 

Report and Accounts for the year ended 31st March, 
1957. 

One brochure of 112 pages, illustrated. 

Ebute Metta (Nigeria). — Published by the 
General Manager’s Office, Nigerian Railway Corpor- 
ation. 


385 (08 (669) 


1958 621 .3 
The Electrical Year Book, 1958. 


London, Emmott & Co. Ltd. (Price : 3s. 6 d) 


1958 62 
The Mechanical World Year Book, 1958. 
London, Emmott & Co. Ltd. (Price : 4s. 6d.) 


(1) The numbers placed over the title of each book are th 
conjointly with the Office Bibliographique International, of Brussels, 


ose of the decimal classification proposed by the Railway Congress 


(See « Bibliographical Decimal Classification as applied to Railway 


Science », by L. WEISSENBRUCH, in the number for November 1897, of the Bulletin of the International Railway Congress, Pp. 1509). 
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II. — PERIODICALS. 


In French. 


Acier - Stahl - Steel. (Bruxelles.) 


1958 669 .1 
Acier - Stahl - Steel, mars, p. 125. 

BAES (L.). — Etats de tension limites pour l’acier sous 
sollicitation statique, dans le cas ou l’acier est ductile 


jusqu’a la rupture. (3 500 mots & fig.) 


Annales des Travaux Publics 
de Belgique. (Bruxelles.) 


1957 TPA ail 
Annales des Travaux Publics de Belgique, avril, p. 5. 
VANDEPITTE (D.). — La charge portante des 


fondations sur pieux (suite et fin). (18000 mots & fig.) 


Bulletin de l’Association Suisse 


des Electriciens. (Zurich.) 
1958 621 .33 (52) 
Bull. de l’Ass. Suisse des Electriciens, 4 janvier, p. 11. 
Die Elektrifizierung der Japanischen Staatsbahnen mit 
Einphasenwechselstrom von 50 Hz. (1 000 mots.) 


1958 621 .31 
Bull. de 1’Ass. Suisse des Electriciens, 1°" février, p. 123. 
WINIGER (F.). — Die elektrischen Eigenschaften 
und Anwendungen der Transistoren. (5 000 mots & fig.) 


1958 621 .31 
Bull. de 1’Ass. Suisse des Electriciens, 1° février, p. 109. 

WURSTLIN (D.). — Untersuchung iiber den Hoch- 
frequenz — Stoéreinfluss von Koronaentladungen an 
Langstabisolatoren mit verschiedenen Lichtbogen — 
Schutzarmaturen. (2 000 mots & fig.) 


1958 621 
Bull. de l’Ass. Suisse des Electriciens, 15 février, p. 131. 

GALAVICS (F.). — Schweizerische Arbeiten auf dem 
Gebiet der Nomenklatur in der Regelungstechnik. (1 500 
mots & tableau.) 


Bulletin des C.F.F. (Berne.) 


1958 385 (06 .4 (493) 
Bulletin des C.F.F., mars, p. 39. 
STRAUSS. — Les C.F.F. 4 l’Exposition Universelle de 


Bruxelles 1958. (1 200 mots & fig.) 


1958 
Bulletin des C.F.F., mars, p. 44. 
SCHENK (K.). — Suppression des passages 4 niveau 
du « Hof » 4 Wallisellen. (1 000 mots & fig.) 


625 .162 (494) 


Bulletin Oerlikon. (Zurich.) 
1957 621 
Bulletin Oerlikon, n° 323, aotit, p. 61. ; 
SCHNEIDER (H.). — Un conservateur d’huile d’un 
nouveau genre pour transformateurs. (1 500 mots & fig.) 


1957 621 .31 
Bulletin Oerlikon, n° 324, octobre, p. 70. 

BRECHNA (H.). — Considérations sur la construction 
actuelle du corps magnétique de transformateurs. (2 500 
mots & fig.) 


1957 621 .31 
Bulletin Oerlikon, n° 324, octobre, p. 82. 
STORSAND (B.). — Indicateur d’are en retour pour 


redresseurs. (500 mots & fig.) 


Bulletin scientifique de l’Association des Ingé- 
nieurs électriciens sortis de 1|’Institut Electro- 


technique Montefiore. (Liége.) 
1957 621 .31 
Bull. scient. de l’Assoc. des Ing. électric. sortis de l’Institut 
Electrotechnique Montefiore, décembre, p. 851. 
ABETTI (P.A.). — Méthodes pour 1l’étude des tensions 
anormales dans les transformateurs. (12 000 mots, tableaux 
& fig.) 


Bulletin des Transports Internationaux 
par Chemins de fer. (Berne.) 


1958 656 .23 (73) 
Bull. des transp. intern. par ch. de fer, janvier, p. 38. 

Le droit tarifaire des transports et les tendances de son 
évolution en trafic interétatique aux Etats-Unis d’Amé- 
rique. (2 000 mots.) 

1958 656 .235 .6 
Bull. des transp. intern. par ch. de fer, février, p. 53. 

L’assouplissement de la sujétion tarifaire dans le trafic 
international des marchandises. (8 000 mots.) 


Bulletin de l’Union Internationale 
des Chemins de fer. (Paris.) 


1958 385 .113 (3) & 385 (09 (3) 
Bull. de l'Union Intern. des ch. de fer, février, p. 46 et 
mars, p. 83. 
Les Chemins de fer en 1957. (Premiére & Deuxiéme 
Parties). (10000 mots & tableaux.) 


Electricité. (Paris.) 
1958 
Electricité, janvier, p. 6. 
ZIELENSKI (J.). — Les nouveaux redresseurs indus- 
triels et leur contréle. ( Suite.) (1500 mots & fig.) 


621 .31 


< ae AD em 


Génie Civil. (Paris.) 
1958 
Génie Civil, n° 3461, 15 janvier, p. 46. 
Nouveau frein 4a air comprimé pour trains rapides. 
400 mots.) 


625 .253 


1958 ‘ 
Génie Civil, n° 3465, 15 mars, p. 135. 
-PAMELARD (H.). — Calcul simplifié des ossatures 
en béton armé. (1 500 mots & fig.) 


721 9 


1958 
Génie Civil, n° 3466, 1° avril, p. 145. 
PAPAULT (R.). — La voiture pendulaire de la Société 
oo. des Chemins de fer francais. (2000 mots & 
g. 


625 .23 (44) 


L’Industrie des Voies ferrées 
et des Transports automobiles. (Paris.) 


1958 625 .62 & 656 .132 

L’Industrie des Voies ferrées et des Transports auto- 
mobiles, février, p. 18. 

BENTZ (F.). — Mesure et amélioration de la suspen- 
sion des yoitures de transports en commun. (2 000 mots & 
fig.) 

1958 621 .33 (44) 
L’Industrie des Voies ferrées et des Transports auto- 

mobiles, février, p. 24. 

L’électrification Lyon-Saint-Etienne. (1500 mots & 

fig.) 


Industries et Sciences. 
(Rhode-St.-Genése-lez-Bruxelles.) 


1958 625 .143 .3 
Industries et Sciences, mars, p. 13. 
DELCROIX (A.). — L’usure ondulatoire des rails de 


chemins de fer. (3 000 mots & fig.) 


Rail et Traction. (Bruxelles.) 


1957 621 .33 (492) 
Rail et Traction, n° 51, novembre-décembre, p. 347. 
VAN GEEL (P.). — Sous le signe du courant continu ... 
N.V. Nederlandsche Spoorwegen. (13 000 mots, tableaux 
& fig.) 


Revue Générale des Chemins de Fer. (Paris.) 


1958 656 .212 .5 (44) 
Revue Générale des Chemins de fer, février, p. 73. 

JAY (M.). — Remaniements du triage de Portes a 
VYoccasion de l’électrification de la ligne Lyon-Marseille. 
(500 mots & fig.) 


1958 656 .254 (44) 
Revue Générale des Chemins de fer, février, p. 77. 

DINE (R.). — Organisation des liaisons par téléim- 
primeurs sur la Région du Sud-Est de la S.N.C.F. (1 700 
mots & fig.) 


1958 621 .332 
Revue Générale des Chemins de fer, février, p. 82. 

GRAVIN. — Calcul pratique du courant dans la voie 
et des tensions rails-sol sur les lignes électrifi¢es. (2 500 
mots & fig.) 


1958 625 .1 (44) 
Revue Générale des Chemins de fer, février, p. 93. 

PUJALET et CHAMPVILLARD. — Travaux d’abais- 
sement des voies a la traversée du souterrain du Crét 
d’Eau. (2 000 mots & fig.) 


1958 625 .26 (44) 
Revue Générale des Chemins de fer, février, p. 100. 
RAISON. — L’organisation des chantiers par la 


méthode des temps élémentaires. Le chantier des brides 
de ressorts au dépdt de Longueau. (1400 mots & fig.) 


1958 625 .142 .2 
Revue Générale des Chemins de fer, février, p. 106. 

DURRENBERGER (M.F.). — La consolidation des 
traverses en bois par emploi de feuillard soudé a l’arce 
électrique. (500 mots & fig.) 


1958 656 .212 .5 (73) 
Revue Générale des Chemins de fer, février, p. 120. 

Mécanisation des triages aux Etats-Unis d’Amérique. 
(6 000 mots.) 


Revue Générale de Mécanique. (Paris.) 


1958 621 9 
Revue Générale de Mécanique, janvier, p. 17. 
WEILL, PELISSIER et HESSE. — Nouveautés 


Techniques présentées a la 5° Exposition européenne de 
la machine-outil 4 Hanovre (15-24 septembre 1957). 
(Suite.) (4.000 mots & fig.) 


1957 62 (01 

Revue Générale de Mécanique, janvier, p. 47. 
HEMARDINOQUER (P.). — Le contréle ultra-sonore 

des matériaux. Technique et développement. ( Suite.) 


(2000 mots & fig.) 


Revue de la Société English Electric. (Stafford.) 


1957 (Al 2'eil P (P) 
Revue de la Société English Electric, décembre, p. 29. 

Locomotives Diesel électriques 4 la Jamaique. (2 000 
mots & fig.) 


Les Transports Publics. (Berne.) 
1958 
Les Transports Publics, mars, p. 1. 
RUFENACHT (Ed.). — Les amortissements dans les 
Chemins de fer privés. (1 200 mots.) 


625 .6 


ag 


1958 6567-22255) 
Les Transports Publics, mars, p. 3. 


Les taches actuelles des services voyageurs. (4 200 mots.) 


1958 656 .223 .2 
Les Transports Publics, mars, p. 12. 
IMHOF (K.). — L’augmentation des frais occasionnés 


par les wagons de marchandises. (1 000 mots.) 


Travaux. (Paris.) 


1958 
Travaux, mars, p. 187. 
THEDIE (Y.) & GIEZENDANNER (A.). — La 
reconstruction du pont de Chazey, sur 1’Ain. (3 000 mots 
& fig.) 


625 .13 (44) 


1958 691 
Travaux, mars, p. 207. 

MARIE (P.). — Abaques pour le calcul des sections 
en TE de béton armé en flexion simple. (1000 mots & 


fig.) 


La Vie du Rail. (Paris.) 


1958 621 .335 (45) 
La Vie du Rail, 16 février, p. 10. 


Automotrices bi-courant en Italie. (500 mots & fig.) 


1958 
La Vie du Rail, 16 février, p. 16. 
DULUC (A.). — Marc Seguin, constructeur du Chemin 
de fer de St-Etienne 4 Lyon. (3 000 mots & fig.) 


385 (09 .3 (44) 


1958 
La Vie du Rail, 23 février, p. 8. 
ROBERT (J.). — Confort-vitesse président a l’étude 
des futures rames spéciales Paris-Lille. (1 000 mots & fig.) 


625 .232 (44) 


1958 
La Vie du Rail, 9 mars, p. 14. 
FRANCOIS (M.). — Le probléme de la rotation des 
wagons. (3 000 mots.) 


656 .223 .2 


1958 
La Vie du Rail, 23 mars, p. 3. 
FORCE (G.). — Une visite au Centre d’autorails de 
Lyon-Vaise. (1 200 mots & fig.) 


625 .285 (44) 


1958 
La Vie du Rail, 23 mars, p. 12. 
Réchauffage des aiguilles en période de gel ou de neige. 
(600 mots & fig.) 


625 .151 


Votre Electricité. (Bruxelles.) 


1958 62 
Votre Electricité, n° 82, janvier, p. 3. 

HATRY (P.). — Evolution technique et liberté écono- 
mique. (4 500 mots.) 


In German. 


Die Bundesbahn. (Darmstadt und K6ln.) 


1958 385 (09 (43) 
Die Bundesbahn, Nr. 1, Januar, S. 5. 

Vorlaufiger Jahresriickblick der Deutschen Bundesbahn, 
Geschaftsjahr 1957. (38 Seiten, Tafeln und Abb.) 


1958 656 .1 (43) 
Die Bundesbahn, Nr. 2, Februar, S. 81. 
HEUBEL (W.). — Der motorisierte Strassenper- 


sonenverkehr im Jahre 1956. (4000 Worter & Tafelin.) 
385 .587 (43) 


1958 
Die Bundesbahn, Nr. 3, Februar, S. 105. 
OEFTERING (H. M.) & GEITMANN (H.). — 
Rationalisierungserfolge bei der DB. (2500 Worter & 
Abb.) 
1958 
Die Bundesbahn, Nr. 3, Februar, S. 113. 
DOBMAIER (A.). — Die Organisation des Baudienstes 
der DB. (8 000 Worter & Abb.) 


625 .1 (43) 


Deutsche Eisenbahntechnik. (Berlin.) 


1958 656 .211 (43) 
Deutsche Eisenbahntechnik, Februar, S. 51. 

RICHTER (G.) und WIEGLEB (S.). — Der Wieder- 
aufbau des Leipziger Hauptbahnhofes. (3 000 Worter & 
Abb.) 

1958 
Deutsche Eisenbahntechnik, Februar, S. 57. 

WOLF (F.) & FIEBIG (W.). — Die Fahrleitung der 
elektrischen Zugforderung. (5 000 Worter & Abb.) 


621 .332 


1958 
Deutsche Eisenbahntechnik, Februar, S. 73. 
THIEME (TH.). — Betrachtungen zur Verwendung 
von Stahlbetonschwellen in Gleisen mit Hemmschuh- 
betrieb. (5 000 Worter & Abb.) 


625 .142 .4 


1958 
Deutsche Eisenbahntechnik, Februar, S. 79. 
FISCHER (K.) und LORENZ (M.). — Vom Signal- 
begriff zum Lichtsignalbild. (3 000 Worter & Abb.) 


656 .25 


1958 656 .254 
Deutsche Eisenbahntechnik, Februar, S. 85. 

BECHSTEIN (V.). — Die Schaltung der automa- 
tischen Uberwegsicherungsanlagen und ihre Anpassung 
o srersauedens Betriebszustaénde. (6000 Worter & 
Abb.) 


Der Eisenbahningenieur. (Frankfurt am Main.) 


1958 
Der Eisenbahningenieur, Januar, S. 2. 
Dr. H.M. OEFTERING. — Die wirtschaftlichen 
Probleme der Deutschen Bundesbahn. (1 500 Worter.) 


385 (43) 


ye } sae A Oyen 


1958 

sr Eisenbahningenieur, Januar, S. 4. -- 
DOBMAIER (A.). — Der Baudienst der DB in den 
hren 1952 bis 1957 — Riickblick und Ausblick. (8 000 
Orter & Abb.) 


1958 

sr Eisenbahningenieur, Januar, S. 20. 
BRILL (A.). — Der maschinentechnische Dienst der 
sutschen Bundesbahn in den vergangenen 10 Jahren. 
000 Worter.) 


625 .1 (43) 


625 .2 (43) 


1958 

er Eisenbahningenieur, Januar, S. 25. 
DURR (H.). — Was erwartet die Betriebsfiihrung von 
r Technik. (3 500 WoOrter.) 


656 .2 


1958 

er Hisenbahningenieur, Januar, S. 29. 
BAUER (R.). — Photogrammetrie bei der Deutschen 
mindesbahn. (1 100 Worter & Abb.) 


625 .1 (43) 


1958 

er Eisenbahningenieur, Januar, S. 33. 
Die Signaltechnik im neuen Zentralstellwerk Frank- 
rt (M.). (500 Worter & Abb.) 


656 .257 (43) 


1958 625 .23 
er Eisenbahningenieur, Januar, S. 42. 
ESCHEMANN (H.). — Betrachtungen tiber Pols- 


rungen in Reisezugwagen. (3 000 Worter & Abb.) 


1958 656 .253 : 625 .162 
er Eisenbahningenieur, Januar, S. 47. 

OLZOWY (G.). —. Das Entwerfen yon Blinklichtan- 
gen mit Lokfiihrer-Uberwachungssignalen des Bautyps 
0 1/57 (5000 Worter & Abb.) 


1958 621 .431 .72 
er Eisenbahningenieur, Januar, S. 55. 

GAHLERT (H.). — Henschel-Dieselelektrische Lo- 
mmotiye 1900 PS .Type KK. Lizenz General Motors. 


000 Worter & Abb.) 


1958 526 
er Eisenbahningenieur, Januar, S. 58. 
HOITZ (H.). — Neuzeitliche Vermessungsinstrumente 


Jeichtern die Arbeit. (900 Worter & Abb.) 


Elektrische Bahnen. (Miinchen.) 


1958 621 .31 (436) 
lektrische Bahnen, Heft 1, S. 11 und Heft 2, S. 35. 

SCHMIDT (H.). — Das Umformwerk Auhof der 
sterreichischen Bundesbahnen. (12 000 Worter & Abb.) 


1958 621 .33 (493) 


lektrische Bahnen, Heft 2, S. 25. 

BAEYENS (F.). — Die Elektrisierung Briissel-Luxem- 
ug und die Lokomotiven der Baureihe 123 der S.N.C.B. 
5000 Worter & Abb.) 


Elektrotechnik und Maschinenbau. (Wien.) 


1958 621 .31 
Elektrotechnik und Maschinenbau, 15. Februar, S. 69. 

BAUER (M.). — Nutenplan nach Tingley fiir Ober- 
wellen und die Berechnung der Wicklungsfaktoren. 
(2 500 Worter & Abb.) 

1958 621 .31 
Elektrotechnik und Maschinenbau, 15. Februar, S. 73. 

RAMP (H. O.). — Die graphische Behandlung von 
Leitungsproblemen. (Fortsetzung.) (3 500 Worter & Abb.) 


E.T.R. Eisenbahntechnische Rundschau 
(K6In-Darmstadt.) 


1958 621 .431 .72 
Eisenbahntechnische Rundschau, Januar, S. 2. 

EMMELIUS (C.). — Stand der Dieselzugforderung in 
der Welt. (1 000 Worter & Abb.) 


1958 625 
Eisenbahntechnische Rundschau, Januar, S. 4. 

RECKER (E.). — _  Eisenbahnbautechnische For- 
schungsaufgaben. (6 000 Worter.) 

1958 625 .28 


Eisenbahntechnische Rundschau, Januar, S. 11. 
BRETTMANN (E.). — Berechnung der Zugforderungs- 


kosten mit elektronischen Grossrechenanlagen. (3 000 
Worter.) 
1958 625 .213 


Eisenbahntechnische Rundschau, Januar, S. 17. 
JORN (R.). — Erfahrungen mit Metallgummi-Federn 
im Schienenfahrzeugbau. (4500 Worter & Abb.) 


1958 625 .143 .5 
Eisenbahntechnische Rundschau, Januar, S. 27. 

EISENMANN (J.). — Theoretische Untersuchung von 
Schienenspannigeln. (4000 Worter & Abb.) 


E.T.Z. Elektrotechnische Zeitschrift. (Berlin.) 
1958 621 3 
E.T.Z., 21 Marz, S. 69. 
MULLER (K.). — Vakuumdichte Metall-Keramik- 
Verbindungen. (2 000 Worter & Abb.) 


1958 621 .3 
BaZa Matz. 
WALTER (J.) und SCHACK (W.). — Betonpfahl- 


Griindung im Freileitungsbau. (800 Worter & Abb.) 


1958 656 .254 
IB Ey, OA IMME eas Ss, 1M 
GRAF (D.). — Grundlagen der Vermittlungstechnik. 


(2 500 Worter & Abb.) 


adres Oa 


Glasers Annalen. (Berlin.) 


1958 621 .135 .2 (43) 
Glasers Annalen, Januar, S. 1. 
KILB (£.). — Wélzlagertechnische Gesichtspunkte 


im Bau, im Betrieb und in der Unterhaltung der Loko- 
motiven bei der Deutschen Bundesbahn. (1 800 Worter 
& Abb.) 


1958 625 .214 
Glasers Annalen, Januar, S. 6. 
KONIG (H.). — Walzlager fiir Wagen, Anforderungen 


an Konstruktion und Fertigung. (3 000 Worter & Abb.) 


1958 621 .89 
Glasers Annalen, Januar, S. 12. 
MUNDT (R.). — Der heutige Stand der Walzlager- 
technik. (2 500 Worter & Abb.) 
1958 
Glasers Annalen, Januar, S. 17. 
ESCHMANN (F.). — Entwicklungstendenzen in der 
Waizlagertechnik. (2 000 Worter & Abb.) 


625 .214 


1958 
Glasers Annalen, Januar, S. 21. 
HUG (Ad.-M.). — Neue automatische Kupplung fiir 
Vollbahnen. (1 000 Worter & Abb.) 


625 .216 


Internationales Archiv fiir Verkehrswesen. 
(Mainz.) 


1958 656 .225 (4) 
Intern. Archiv fiir Verkehrswesen, Nr. 3, 1. Februarheft, 
S. 49. 
SAMTLEBEN (K. F.). — Der Verkehr im « Gemein- 
samen Markt » unter besonderer Beriicksichtigung der 
Eisenbahn. (3 000 Worter.) 


1958 656 .225 (4) 
Intern. Archiv fiir Verkehrswesen, Nr. 3, 1. Februarheft, 
S. 49. 
JURGENSEN (H.). — Einige Grundsdtze zum Ver- 
kehr im « Gemeinsamen Markt ». (2 000 Worter.) 


Der Offentliche Verkehr. (Berlin.) 


1958 625 .6 (494) 
Der Offentliche Verkehr, Februar, S. 3. 
BORN (H.). — Privatbahnverkehr im Jahre 1957. 
(1 000 Worter.) 
1958 
Der Offentliche Verkehr, Februar, S. 6. 
KESSELRING (W.). — Ein Beitrag zur Rationalisie- 
rung des Gleisunterhalts. (1 000 Worter & Abb.) 


625 .17 


1958 
Der Offentliche Verkehr, Marz, S. 3. 

RUFENACHT (E.). — Die Abschreibungen bei den 
Privatbahnen. (1 500 Worter.) 


625 .611 


Siemens-Zeitschrift. (Erlangen.) 


1958 
Siemens-Zeitschrift, Januar, S. 9. : 
WEPPLER (R.) & SCHWARZ (E.). — Magnet- 
verstarker zur Stromversorgung von Elektrofilteranlagen, 
(3 500 Worter & Abb.) 


621 31 


1958 
Siemens-Zeitschrift, Januar, S. 31. 
WACHTER (J.). — Einrichtungen zur Untersuchung 
der Regelung von Dampfturbinen. (1 300 Worter & Abb.) 


621 165, 


In English. 


Bulletin, American Railway 
Engineering Association. (Chicago.) 


1957 625 .172 (73)! 
Bulletin, American Railway Engineering Association, 
December, p. 631. 
Reports of Committees. — 27. Maintenance of way 
equipment. — New developments in work equipment. 
(22 pages, illustrated.) 


Electrical Engineering. (New York.) 


1958 385 .1 & 621 .33 
Electrical Engineering, March, p. 244. 

BROWN (H. F.) and MARMAROS (H. E.). — 
The financial return on railway electrification. (1 600 words 
& figs.) 


The Engineer. (London.) 


1958 
The Engineer, February 14, p. 254. 
New tunnels at Hadley Wood and Potters Bar. (1 700 
words & figs.) 


625 .13 (42) 


1958 
The Engineer, February 21, p. 277. 
B.T.C. automatic train control system. (5 000 words & 
figs.) 


656 .25 (42) 


1958 
The Engineer, February 21, p. 294. 
Lightweight railbus for British Railways. (300 words & 
fig.) 


621 .431 .72 (42) 


Engineering. (London.) 


1958 625 218 
Engineering, February 7, p. 186. 

Passengers in railway coaches. (400 words.) 

1958 625 .13 (42) 


Engineering, February 21, p. 248. 
: Faster work with concrete tunnel lining. (200 words & 
gs.) 


1958 

ngineering, March 7, p. 311. oot 
STOREY (C.). — Calculation of stresses in rails due 
) static vertical loads. (1 400 words & figs.) 


625 .14 (1 


1958 

ngineering, March 7, p. 316. 
ene locomotive of 2 000 HP. (600 words & 
gs. 


621 .431 .72 (42) 


Indian Railways. (New Delhi.) 


1958 

adian Railways, February p. 851. 
SHERRINGTON (C.E.R.). — Economic efficiency 
f transportation by road and by railway. (4 000 words.) 


656 


1958 
ndian Railways, March, p. 887. 
1958-59 Railway Budget. (6 000 words.) 


385 (54) 


1958 
ndian Railways, March, p. 905. 
Railway Ministry’s Annual Report 1956-57. (2 000 
vords & figs.) 


385 (08 (54) 


Journal, The Institution of Locomotive 
Engineers. (London.) 


1957 625 .235 
ournal, The Institution of Locomotive Engineers, 
Vol. 47, Part No. 3, No. 257, p. 333. 
FANCUTT (F.). — Painting and cleaning of rolling 
tock. (35 pages, illustrated.) 


The Locomotive. (London.) 
1958 621 .431 .72 (43) 
The Locomotive, January, p. 10. 
Trials of Krauss-Maffei 2 200 HP Co-Co diesel hydraulic 
nits. (2 300 words & figs.) 


1958 621 .431 .72 (41) 
The Locomotive, February, p. 22. 
Dual-purpose diesel-hydraulic railcars for the Ulster 


[ransport Authority. (1 200 words & figs.) 
621 .335 (44) 


1958 
The Locomotive, February, p. 25. 
Dual frequency electric locomotives for French Railways. 


800 words.) 


1958 621 .431 .72 (731 


Phe Locomotive, February, p. 26. : 
Diesel locomotive experience in the United States. 


2 300 words & fig.) 


1958 625 .245 (42) 


[The Locomotive, February, p. 30. ; ‘ 
A motorcar transporter for Anglo-Continental service. 


600 words & fig.) 


= oS] =< 


Mechanical Engineering. (New York.) 


1958 
Mechanical Engineering, March, p. 82. 
1956-1957. — Progress in railway mechanical engineer- 
ing. (3 000 words & figs.) 


625 .285 


Modern Railroads. (Chicago.) 


1957 625 .172 (73) 
Modern Railroads, September, p. 109. 

SHEDD (T.). — D & H cycles M/W work. (2 600 
words & figs.) 

1957 
Modern Railroads, September, p. 177. 


PRR speeds up car cleaning. (1 200 words & figs.) 


625 .236 (73) 


Modern Transport. (London.) 


1958 385 .4 (42) 
Modern Transport, February 8, p. 7; February 15, p. 11; 
March 1, p. 10. 
ARKLE (E.W.). — Railway management. (3 600 
words.) 
1958 656 .25 (42) 


Modern Transport, February 22, p. 4. 
Fully automatic junction signalling. (1 300 words & figs.) 


1958 621 .431 .72 (42) 
Modern Transport, February 22, p. 11. 
Lightweight railbus. (1 200 words & figs.) 


1958 656 .25 (42) 
Modern Transport, February 15. p. 3. 


Automatic warning control. (1200 words & figs.) 


Railway Age. (New York.) 

1958 656 .254 (73) 
Railway Age, January 20, p. 31. 

New ideas spur RR communications. (2000 words & figs.) 


1958 625 .172 (73) 
Railway Age, January 20, p. 41. 
More mechanization for M/W works. (2 400 words & 


figs.) 


1958 656 .2 (73) 


Railway Age, January 20, p. 53. 
ELMER MONROE (J.). — 1957 Review of railway 
operations. (9 000 words & figs.) 


1958 621 .438 (73) 


Railway Age, January 27, p. 25. 
U.P. gets bigger gas turbines. (1 200 words & figs.) 


aR Oy ee 


The Railway Gazette. (London.) 
1958 625 .285 (485) 
The Railway Gazette, January 3, p. 17. 
BINGHAM (S. H.). — Swedish lightweight train. 
KLL prototype 1020 HP seven coach set with unusual 
features. (1 500 words & figs.) 


1958 385 (09 (51) 
The Railway Gazette, January 10, p. 43. 

Developments on the Chinese Republic Railways. 
(1 600 words & figs.) 


1958 625 .13 (492) 
The Railway Gazette, January 10, p. 46. 
Railway tunnel under Netherlands North Sea Canal. 


(400 words & figs.) 


1958 621 .431 .72 (41) & 625 .285 (41) 
The Railway Gazette, January 17, p. 71. 
Diesel-hydraulic trains in Ulster. (1 000 words & figs.) 


1958 
The Railway Gazette, January 17, p. 72. 
Foundations, piers and superstructure of the Ganges 
bridge. Design of the well-curbs, wells, piers, and spans 
and construction of the piers. (1 300 words & figs.) 


625 .13 (54) 


1958 
The Railway Gazette, January 17, p. 76. 
Progress of electrification in the eastern region. (1 400 
words & figs.) 


621 .33 (42) 


1958 
The Railway Gazette, January 17, p. 78. 
Electric traction in the Calcutta area. (2000 words & 
figs.) 


621 .33 (54) 


1958 
The Railway Gazette, January 24, p. 102. 
Investigations into hunting of railway vehicles. (1 600 
words.) 


625 .2 (01 


1958 
The Railway Gazette, January 24, p. 104. 
Remodelling of Ajmer workshops, Western Railway of 
India. (1 000 words & figs.) 


621 .385 (54) 


1958 656 .212 & 656 .22 
The Railway Gazette, January 24, p. 106. 

Electronic system of vehicle identification. (2 500 words 
& figs.) 

1958 
The Railway Gazette, January 31, p. 130. 

Evaluation of riding of passenger coaches. (1 200 words 
& figs.) 

1958 
The Railway Gazette, January 31, p. 134. 

Second class prototype open saloon for British Railways. 
(600 words & figs.) 


625.213 


625 .232 (42) 


1958 
The Railway Gazette, January 31, p. 130. 
Evaluation of riding of passenger coaches. (1 200 words 
& figs.) 


625 .213 


Diesel Railway Traction. (London.) 


1958 621 .431 .72 (42) 
Diesel Railway Traction, January, p. 32. 

General-purpose locomotives for B.R. (3 000 words & 
figs.) 

1958 621 .431 .72 (42) 
Diesel Railway Traction, March, p. 91. 

Freight-transfer power, British Railways. (3 200 words 
& figs.) 

1958 
Diesel Railway Traction, March, p. 99. 

Powerful multi-car train in U.S.A. (800 words & figs.) 


625 .285 (73 


1958 621 .431 .72 (4359) 
Diesel Railway Traction, March, p. 107. 
Twin-car trains in Luxembourg. (1 000 words & figs.) 


‘Diesel Railway Traction, March, p. 110. 


Fluidin shunting locomotive performance. (300 words 
& fig.) 


Railway Locomotives and Cars. (New York.) 


1958 621 .438 (73) 
Railway Locomotives and Cars, January, p. 33. 
- ea 8 500-HP turbines ready to roll. (1 200 words & 
gs. 
1958 621 .335 (73) 
Railway Locomotives and Cars, February, p. 45. 
i Old electrification adds new electrics. (1 000 words & 
gs.) 


In Spanish. 


Ferrocarriles y Tranvias. (Madrid.) 


1958 625 .26 
Ferrocarriles y Tranvias, vol. 24-VI, n° 274, p. 161. 

SANCHEZ PEREZ (J.). — Un aspecto concreto de la 
cuesti6n ; « El factor humano en la productividad de los 
talleres ferroviarios ». (1 500 palabras & fig.) 


Revista de Ciencia Aplicada. (Madrid.) 


1958 
Revista de Ciencia Aplicada, enero-febrero, p.1. 
PUJOL ROIG (M.). — Contribucién al estudio de lo: 


pe kee dae para rodamientos. (3 000 palabras, tablas 
g. 


621. .82 


a Le ee 


In Italian. a 


Giornale del Genio Civile. (Roma.) 


1958 

jornale del Genio Civile, gennaio, p. 32. 
POZZATI (P.). — Reticoli di travi. (5 000 parole & 
1958 
jornale del Genio Civile, gennaio, p. 55. 

~GIANGRECO (E.). — Unaricerca teorico-sperimentale 
© svergolamento delle travi alte in regime elasto- 
stico. (5 000 parole & fig.) 


624 


624 2 


Ingegneria Ferroviaria. (Roma.) 


1958 656 
gegneria Ferroviaria, gennaio, p. 3. 

ANGELINI (A.). — I problemi dei trasporti terrestri 
campo internazionale. (10 000 parole.) 


1958 

gegneria Ferroviaria, gennaio, p. 11. 
DIREZIONE GENERALE DELLE F.S. — Uno 
ardo alle attivita delle F.S. nell’? anno 1957. (40 000 

arole & fig.) 


385 (09 (45) 


1958 

gegneria Ferroviaria, gennaio, p. 60. 
LALONI (N.). — 1 problema ferroviario italiano e la 
ossibilita di risanare il bilancio delle F.S. (7 000 parole 


fig.) 


1958 62 
ngegneria Ferroviaria, gennaio, p. 66. 

POLSONI (G.). — Diagrammi : integrazioni ed inter- 

lazioni per l’ingegnere. (1 000 parole & tabelle.) 


656 .2 (45) 


1958 656 .22 
Ingegneria Ferroviaria, gennaio, p. 79. 
FIORAVANTI(G. L.). — Il « Talgo » e i suoi derivati. 


(3 000 parole & fig.) 


Trasporti Pubblici. (Roma.) 


1957 385 .1 (45) 
Trasporti Pubblici, dicembre, p. 1 563. 

FENELLI (N.). — Oneri e risanamento del bilancio 
Jelle Ferroyie dello Stato. (3 000 parole.) 


1957 656 .224 (45) 
[rasporti Pubblici, dicembre, p. 1 579. 

CONIGLIARO (G.). — Ripercussioni della reduzione 
delle classi di viaggio e degli aumenti tariffari del 1956 
sui prodotti del traffico viaggiatori. (2 500 parole & 


tavole.) 


1958 656 
Trasporti Pubblici, gennaio, p. 9. 


I problemi dei trasporti terrestri in campo internazionale. 
(4 000 parole.) 


1958 
Trasporti Pubblici, gennaio, p. 23. 
di PIERO FRANCO FEA. — Le Vetture metropolitane 
su gomma, contributo sostanziale ai grandi trasporti 
pubblici urbani. (6 000 parole & fig.) 


625 .212 : 625 . 42 


1958 621 .335 (45) 
Trasporti Pubblici, gennaio, p. 79. 
DARD (M.). — Le elettromotrici bicorrenti delle 


Ferrovie dello Stato. (1 600 parole & fig.) 


1958 
Trasporti Pubblici, gennaio, p. 83. 
La trazione ellettrica sulle Ferrovie Ungheresi. (2 000 
parole & fig.) 


621 .33 (439) 


In Netherlands. 


De Ingenieur. (Den Haag.) 


1958 621 3 
De Ingenieur, n' 9, 28 februari, p. E. 37. 

KEMPER (K.). — Enige bijzondere vormen van 
magnetische versterkers. (4000 woorden & fig.) 

1958 691 


De Ingenieur, n™ 11, 14 maart, p. Bt 29. 

HAAS (A.M.). — World conference on prestressed 
concrete te San Francisco, 29 juli-2 augustus 1957. 
(5 000 woorden & fig.) 

1958 
De Ingenieur, n™ 12, 21 maart, p. V. 9. 

Het nieuwe tramwegmateriaal te Rotterdam en te 
*s-Gravenhage. (5 000 woorden & fig.) 


625 .62 (492) 


Spoor- en Tramwegen. (Den Haag.) 


1958 725 .31 (492) 
Spoor- en Tramwegen, n’ 5, 27 februari, p. 69; n* 6, 
13 maart, p. 88; n™ 7, 27 maart, p. 104. 
SCHELLING (H.G.J.). — Nieuwere spoorweg-stations. 
I, Il en III. (4 500 woorden & fig.) 


1958 656 (4) 
Spoor- en Tramwegen, p. 75. 
LANDSKROON (F.P.A.). — De coérdinatie van het 


Europese yervoer. III. (2 000 woorden.) 


a 


1958 385.587 


Spoor- en Tramwegen, n* 6, 13 maart, p. 85. 
HOOFTMAN VJ. C.). — Doelmatiger werken. I. 
Automatisering en produktiviteit. (2 500 woorden.) 


1958 


Spoor- en Tramwegen, n' 6, 13 maart, p. 92. 
JAGER (J. A.). — Vervoerswerving te Londen. (2 000 
woorden.) 


659 (42) 


In Portuguese. 


Gazeta dos Caminhos de Ferro. (Lisboa.) 


1958 385 .1 


Gazeta dos Camirhos de Ferro, n° 1685, 1 de Marco, 
p. 113; n° 1686, 16 Marco, p. 143. 
de BRITO LEAL (C.). — O problema da situacao 
financeira dos Caminhos de Ferro. II-III. (5 000 palavras 
& tabelas.) 


1958 385 (09 (469) 

Gazeta dos Caminhos de Ferro, n° 1686, 16 Marco, 
pals) 

MANITTO TORRES (C.). — A evolucado das linhas 


portuguesas ¢ o seu significado ferrovidrio. ( Continuagao. ) 
(4 000 palavras.) 


In Czech. (= 91.886.) 


Inzenyrské Stavly. (Praha.). 
1957 621 .332 (= 91 886) 


Inzenyrské Stavly, December 20, p. 652. 


SOVINSKY (D.). — New methods of calculation for 
foundations of electric line supports. (1 000 words & figs.) 


Zeleznicni Technika. (Praha.) 
1958 621 331 = 
Zeleznicni Technika, No. 1, p. 2. 


DAMBORSKY (D.). — The putting into service of a 
transformer station on the Czechoslovakian Railways. 
(3 000 words & figs.) 


91 886 


1958 


Zeleznicni Technika, No. 1, p. 9. 
LINER (O.). — Problems of the continuous welded 
track. (2 500 words & figs.) 


625 .143 .4 = 91 886 


In Serbo-croate (= 91.882). 


Elektrotehniski Vestnik. (Ljubljana.) 
1957 62 (01 (= 91 882) 
Elektrotehniski Vestnik, Nos. 9-10, p. 359. 
STRELEC (V.). — Use of the ultrasonic pulsator 
apparatus for the non-destructive examination of materials. 
(4 000 words & figs.) 
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